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Abi-trict 

*  This  research  wee  undertaken  to  explore  productivity 

measuremer  ,  in  aircraft  maintenance  units  and  to  examine  the 
relatior  tips  of  the  measures  used  to  evaluate  a  unit's 
productivity.  Review  of  current  literature  and  regulatory 
guidance  concerning  productivity  measurement  provided  the 
basis  for  the  development  of  an  interview  questionnaire.  A 
questionnaire  was  administered  to  DCMs  and  chiefs  of 
analysis  at  ten  MAC  wings.  Additionally,  managers  in  the 
maintenance  management,  cost  and  manpower  divisions  at 
headquarters  MAC  were  interviewed.  From  these  interviews, 
information  concerning  current  productivity  measurement 
methodology  was  gathered  and  thirteen  measures  were 
identified  for  analysis.  Of  the  thirteen  measures 
evaluated,  eight  produced  the  strongest  explainable  model 
reflecting  maintenance  productivity.  Manhours  per  flying 
hour  was  the  predominant  output  when  viewed  as  a  result  of 
the  influence  of  mission  capable  rates  and  maintenance 
scheduling  effectiveness.  Cannibalization  rates,  delayed 
•  discrepancies  (both  awaiting  parts  and  awaiting  maintenance) 

and  the  average  number  of  aircraft  possessed  were  the  inputs 
,  which  appeared  to  contribute  most  significantly  to  mission 

capable  rates  and  maintenance  scheduling  effectiveness. 


IX 


PRODUCTIVITY  MEASUREMENT 


IN  AIRCRAFT  MAINTENANCE  ORGANIZATIONS 


Li _ Introduction 


General  Issue 

"Our  productivity  is  the  wonder  of  the  world."  This 
remark  was  made  by  President  Dwight  Eisenhower  during  his 
inaugural  address,  January  20,  1959.  In  the  late  1950’s  the 
United  States  was  indeed  the  world’s  industrial  leader.  We 
had  vanquished  the  powers  of  totalitarianism  in  the  second 
World  War  and  successfully  defended  the  first  open  challenge 
of  communism  to  a  democratic  nation  in  Korea.  Labor 
productivity  growth  was  material  and  consistent.  From  the 
end  cf  World  War  II  until  the  mid  60’s  national  labor 
productivity,  in  terms  of  the  percentage  of  the  populace 
employed  and  the  gross  national  product,  progressed  at  an 
annual  average  rate  of  3.2X.  However,  the  national  growth 
rate  slowed  dramatically  after  1965  and  during  the  decade 
of  the  seventies  with  the  average  advance  barely  exceeding 
♦  one  percent.  Productivity  appeared  to  reach  the  worst 

point  in  the  years  between  1978  and  1982  when  labor 
f  productivity  actually  deteriorated  by  an  average  of  0.2%  per 

year.  Although  we  experienced  a  slight  comeback  in  the 
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80's,  compared  to  other  industrialised  nations,  the  U.S.  has 
not  fared  well  <1:4-7). 

Our  labor  productivity  rate  has  been  exceeded  by  virtually 
every  other  industrialised  country  in  the  world.  With  the 
current  federal  budget  deficits  of  over  200  billion  dollars, 
many  economists  are  forecasting  a  major  economic  recession 
in  the  1990's  (2:35). 

The  economic  outlook  is  not  good  for  the  U.  S. 

Meanwhile  the  world  is  on  the  threshold  of  epic  change. 

f 

Eastern  Europe  is  moving  rapidly  towards  increased 
democratization  as  the  Soviet  empire  is  crumbling  in  the 
face  of  economic  reality.  The  perception  of  a  greatly 
reduced  threat  to  national  security  has  Congress  demanding  a 
smaller  piece  of  the  budget  for  Defense.  Consequently,  the 
Department  of  Defense  is  scrambling  to  salvage  a  viable 
defense  plan  in  the  face  of  a  resounding  claim  by 
entitlement  minded  congressmen  for  the  so-called  "peace 
dividend"  (3:43). 

Air  Force  Secretary  Donald  B.  Rice,  during  an  interview 
conducted  in  the  early  part  of  1990,  suggested  that  the  Air 
Force  of  the  1990's  would  be  substantially  smaller.  The 
Secretary  also  pointed  out  that  the  U.S.  has  always 
maintained  a  clear  advantage  in  the  air  war  and  remarked, 

"we  don't  want  to  contemplate”  fighting  under  any  other 
condition  (4:12).  Because  of  the  reality  of  economic 
constraints,  productivity  is  a  major  concern  to  the  Air 
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Force,  the  DoD  end  the  United  States  ae  a  whole.  In  public 
organisations,  productivity  improvement  has  become 
increasingly  important  as  the  demand  for  quality  services 
has  increased  faster  than  the  tax  revenues  that  support 
them.  Many  methods  to  enhance  productivity  have  been 
examined,  but  little  progress  has  been  made.  The  absence  of 
a  widely  accepted  definition  of  productivity  and  specific 
measurement  criteria  has  greatly  frustrated  the  effort 
(5:5). 

Problem  Statement 

Productivity  in  general,  and  specifically  in  service 
organizations  is  difficult  to  define.  Therefore,  measuring 
productivity  is  equally  difficult.  The  Air  Force  has 
implemented  Department  of  Defense  productivity  enhancement 
initiatives;  however,  it  is  unclear  how  performance  efforts 
are  affected  by  these  initiatives. 

till  cat  ion 

Executive  Order  12552,  Productivity  Improvement 
Program  For  The  Federal  Government,  establishes  a 
government  wide  program  to  improve  the  quality,  timeliness, 

?  and  efficiency  of  government  services.  President  Reagan  set 

a  goal  of  a  20%  productivity  increase  by  1992  (6:1).  Air 
Force  Regulation  25-3  reflects  the  attempt  by  the  Department 
of  the  Air  Force  to  support  this  goal.  One  of  the 
objectives  of  the  Productivity  Enhancement  Program,  as 
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outlined  by  this  regulation!  is  to  provide  productivity  date 
for  use  by  functional  managers  at  all  organisational  levels 
(7:2). 

Aircraft  maintenance  is  the  most  manpower  intensive 
activity  in  the  U.  8.  Air  Force.  It  is  the  largest  facet  of 
logistics  in  terms  of  money,  manpower,  facilities  or  any 
other  resource  one  might  consider  (8:17.23).  Therefore, 
productivity  measurement  in  aircraft  maintenance  is  of 
extreme  importance.  In  order  to  ensure  achievement  of  the 
Air  Force  productivity  goals  the  reliability  and  validity  of 
productivity  measures  in  aircraft  maintenance  organisations 
must  be  evaluated. 

•Explore  productivity  measurement  in  United  States  Air 
Force  aircraft  maintenance  organizations  in  order  to: 

1)  Identify  the  measurement  methods  in  use. 

2)  Understand  the  relationships  among  the  various 
productivity  measures. 

3)  Evaluate  the  effect  of  maintenance  productivity 
measurement  on  the  accomplishment  of  Air  Force 
productivity  objectives. 

Rf  farch.QuciUopi 

1)  Are  aircraft  maintenance  managers  familiar  with  the  Air 
Force  guidance  concerning  productivity  measurement? 
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2)  What  nathoda  of  productivity  measurement  have  been 
specified  by  regulation  for  aircraft  maintenance 
organisations? 

3)  Which  of  the  specified  methods  of  productivity 
measurement  are  actually  implemented? 

4)  Are  there  methods  of  productivity  measurement  used  by 
aircraft  maintenance  organizations  other  than  those 
specified  by  regulation? 

6 )  What  are  the  nature  and  strengths  of  the  relationships 
among  the  measures  implemented  by  aircraft  maintenance 
organizations? 

6 )  Of  the  measures  implemented  by  aircraft  maintenance 
organizations,  which  contribute  most  significantly  to 
explaining  maintenance  productivity? 

Scope  and  Limitations 

The  scope  of  this  research  is  limited  to  the  Military 
Airlift  Command's  aircraft  maintenance  organizations.  The 
following  limitations  apply  to  this  research: 

a)  Various  results  may  not  apply  to  commands  outside 
the  scope  of  this  project. 

b)  The  complexity  of  the  construct  of  "productivity" 
may  confound  the  data  based  on  differences  in  perceptions  of 
those  being  Interviewed,  because  the  research  itself  is 
largely  concerned  with  clarifying  that  very  construct. 
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c)  Interview  input  is  limited  to  three  areas:  Major 
Command  Division  offices,  wing  level  Deputy  Commander's  for 
Maintenance  and  their  maintenance  data  analysis  offices. 

d)  Individual  data  values  from  the  Consolidated 
Aircraft  Maintenance  System  for  Airlift  are  subject  to 
errors  in  accuracy. 

Summary 

This  introductory  chapter  discussed  the  importance  of 
productivity  measurement  in  the  DOD,  the  difficulty  in 
determining  the  reliability  and  validity  of  productivity 
measurement  data,  the  justification  and  scope  of  the 
research,  and  the  research  questions  to  be  examined  and 
answered. 

Chapter  II,  Background,  describes  the  development  of 
productivity  as  a  concept  and  a  practical  measure  of 
performance.  The  background  chapter  provides  a  basic 
understanding  of  productivity  in  the  context  of  history, 
common  definitions  and  emerging  application  in  industry. 


« 
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II.  Background 


Before  proceeding  with  an  evaluation  of  productivity 
measurement  in  any  environment,  it  is  necessary  to  have  the 
clearest  possible  understanding  of  productivity  as  a  concept 
and  as  a  performance  measurement  in  practice.  A  review  of 
industry  related  literature  will  equip  the  reader  with  a 
knowledge  base  from  which  to  begin  to  evaluate  the 
productivity  measurement  in  a  military  environment.  This 
chapter  provides  background  information  concerning 
productivity  in  the  context  of  history,  common  definitions 
and  emerging  applications  in  industry. 

A  historical  perspective  of  productivity  measurement 
provides  valuable  insight  into  the  relationship  between 
changes  in  the  national  socio-economic  structure  and  the 
changes  in  application  of  productivity  measurement.  Of 
particular  interest  is  the  motivation  behind  the  changes 
that  have  occurred. 

Examination  of  common  definitions  of  productivity  helps 
to  clarify  the  concept  in  view  of  the  many  different  ways 
the  term  is  used.  In  this  chapter  productivity  is  defined 
from  the  perspectives  of  the  accountant,  engineer,  and 
manager.  A  brief  explanation  of  each  definition  is 
presented  to  reinforce  understanding  and  to  exhibit 
practical  application. 
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As  with  any  area  of  study  and  application,  new  concepts 
emerge  over  time.  This  chapter  explores  the  most  recent 
conceptual  changes  in  the  area  of  productivity  measurement. 
The  Total  Quality  Management  (TQM)  application  of  W.  Edwards 
Deming  and  the  Theory  of  Constraints  as  developed  by  Eliyahu 
Goldratt  are  examined.  Deming* s  applications  of  TQM  in 
service  organizations  are  of  particular  interest  as  are 
Goldratt* s  views  concerning  efficiency  and  effectiveness. 
Together,  these  concepts  serve  to  enhance  the  knowledge  base 
used  to  examine  productivity  measurement  as  practiced  by  the 
Department  of  Defense  and  to  later  use  as  an  analysis  tool 
for  qualitative  evaluation. 

Productivity  -  Historical  Pcrjpcc tlvg 

Current  management  thinking  can  best  be  understood  in 
light  of  its  historical  development  (9:2).  Productivity  as 
a  management  concept  has  evolved  concurrently  with  the  major 
trends  in  management.  Although  not  specifically  defined 
until  the  early  twentieth  century,  productivity  has  always 
been  a  natural  estimate  of  the  success  of  a  perceived 
effort.  Early  philosophers  such  as  Plato  and  Aristotle 
taught  many  principles  relating  to  management  and  the 
concern  for  the  effective  use  of  resources  (10:385).  The 
progression  of  management  thought  and  its  relation  to  the 
development  of  the  productivity  concept  may  be  divided  into 


four  periods:  (1)  early  influences,  (2)  scientific 
management,  (3)  human  relations,  and  (4)  refinement  and 
synthesis. 

,arly  Influences.  Mosaic  law  is  among  the  earliest  of 

recorded  history.  It  reflects  an  attempt  to  control  the 

behavior  of  the  Jewish  society  and  to  instruct  the  people 

concerning  daily  life.  It  could  be  said  then,  that  the  Ten 

Commandments  of  the  Bible  were  the  first  recorded  management 

principles.  From  the  Ten  Commandments,  the  Levitical  law 

developed  specific  instructions  for  success.  The  principle 

was  that  as  the  people  prospered  individually  they  would 

return  a  portion  to  God  through  his  emissaries,  the  priests. 

This  served  two  purposes;  to  keep  the  effort  focused  on 

pleasing  Ood  and  to  build  the  infrastructure  of  the  society. 

"Bring  the  whole  tithe  into  the 
storehouse,  that  there  may  be  food  in  my 
house.  Test  me  in  this,"  says  the  Lord 
Almighty,  "and  see  if  I  will  not  throw 
open  the  floodgates  of  heaven  and  pour 
out  so  much  blessing  that  you  will  not 
have  room  enough  for  it."  (11:923) 

The  principle  of  increased  blessing  as  a  follow-on  to 
diligent  effort  is  prevalent  throughout  the  Bible.  Early 
philosophers  sought  to  explain  this  principle  in  the  absence 
of  a  God  figure  or  to  relate  work  and  reward  to  man-centered 
precepts.  Aristotle's  "Organon"  of  logic,  translated  by 
Boethius  (479-525  A.D.),  became  the  basis  for  medieval 
thought.  Logic  means  the  art  and  method  of  correct  thinking 
(12:1'6)  The  logician  Investigates  the  evidence  of  a 
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relation  between  premised  and  conclusions  in  arguments.  If 
the  conclusion  follows  from,  or  is  implied  by  the  premise , 
the  reasoning  is  correct;  otherwise ,  it  is  incorrect  (13:5). 
It  soon  became  universally  accepted  that  a  productive 
society  was  one  which  worked  hard  and  managed  its  resources 
correctly.  The  methods  by  which  this  was  achieved  varied 
greatly;  but,  for  the  most  part,  the  age  prior  to  scientific 
management  was  a  period  of  tremendous  extremes.  The  Roman 
Empire,  the  Roman  Catholic  Church  and  the  early  feudal 
system  were  examples  of  centralized  management  and  the 
dependence  upon  authority  and,  even  force,  to  maintain  a 
productive  society  (14:617).  The  unifying  thought  of  this 
age  was  the  logical  premise  that  hard  work  brought  reward  on 
earth  and  in  heaven. 

By  the  Fifteenth  Century  and  with  the  development  of 
the  merchant  city  states,  trade  prospered  in  Europe.  In 
order  to  defend  the  growing  merchant  fleets,  naval  fleets 
also  grew.  In  1436,  Venice  opened  its  own  shipyard  for  the 
purpose  of  defense.  The  shipyard  was  known  as  the  Arsenal; 
and  by  the  Sixteenth  Century,  the  Arsenal  of  Venice  was 
probably  the  largest  industrial  plant  in  the  world  (15:78). 
It  was  here  that  history  first  records  the  use  of  assembly 
lines,  standardization,  warehousing,  cost  control  and  the 
close  supervision  of  personnel.  Warehouses  were  arranged 
along  a  canal  so  that  the  galleys  could  be  brought  to  the 
equipment.  All  rigging  and  deck  equipment  was  standardized 
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so  that  few  items  had  to  be  specially  fitted.  It  was 
necessary  not  only  to  build  new  ships ,  but  to  repair  or 
refit  ships  already  in  use.  The  Arsenal  kept  many  items 
warehoused  for  this  purpose.  Personnel  at  the  Arsenal  were 
closely  supervised,  particularly  concerning  working  hours 
and  output.  This  close  supervision  along  with  the 
development  of  an  efficient  system  to  track  the  cost  of 
inventory  contributed  to  one  of  the  most  sophisticated 
organizations  of  that  era.  The  modern  organization, 
however,  did  not  emerge  until  the  late  Eighteenth  Century 
and  the  period  known  as  the  Industrial  Revolution  (16:434- 
442). 

In  the  Sixteenth  Century  a  period  of  tremendous  change 
began  to  sweep  Europe.  Reformation  of  the,  then  dominant, 
Roman  Catholic  Church  created  an  environment  of  new  thinking 
and  forever  changed  the  acceptance  of  domination  based  on 
religious  dogma.  The  advent  of  Protestantism  and  the 
doctrines  of  Martin  Luther  and  John  Calvin  placed  an 
emphasis  on  the  freedom  of  man  to  seek  God  independent  of 
the  church.  Along  with  this  freedom  came  a  new  sense  of 
nationalism  in  Europe  and  a  new  competitive  spirit  based  on 
the  Calvinistic  belief  that  one's  election  into  the  kingdom 
of  God  was  made  sure  by  hard  work.  This  belief  is  what  has 
become  known  as  the  Protestant  work  ethic  (17:400-405). 

Because  of  the  Reformation,  the  cultural  climate  in 
Europe  favored  the  growth  of  commerce  and  industry.  In 
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particular,  the  English  government  was  especially  open  and 

* 

sensitive  to  the  development  of  commerce.  The  English 
social  values  favored  achievement  and  profit-making.  In 
addition,  England  had  ample  supplies  of  coal  and  iron,  * 

essential  ingredients  of  the  industrialised  society 
(18:115,117). 

Before  the  development  of  the  steam  engine,  England  had 
a  number  of  small  but  thriving  industries  in  such  areas  as 
textiles  and  iron  products.  The  introduction  of  the  steam 
engine  made  it  possible  for  the  expansion  of  these 
industries  by  lowering  production  costs.  As  the  markets 
expanded  due  to  lower  costa,  there  was  a  need  for  more 
production,  machines,  workers,  and  more  capital  to  finance 
expansion.  All  these  changes  demanded  new  management 
practices  and  larger  organizations.  This  industrial  growth 
changed  the  culture  in  favor  of  expansion  because  of  the 
implied  promise  of  prosperity.  These  cultural  changes  came 
about  as  a  result  of  the  shift  from  home  manufacturing  to 
large  scale  factory  production  -  the  Industrial  Revolution 
(19:41-45). 

The  Industrial  Revolution  continued  and  was  transported 
to  the  United  States  in  the  late  Eighteenth  Century.  The  » 

bountiful  supply  of  raw  materials  and  encouragement  by  the 
new  representative  government  fed  the  development  of  , 

industry  and  the  need  for  more  sophisticated  forms  of 
management.  The  idea  continued  to  be  the  transformation  of 
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effort  into  reward.  The  development  of  interchangeable 

er 

parts  by  Eli  Whitney  for  the  manufacture  of  firearms  and  the 
potential  use  of  standardisation  to  increase  productive 

t 

capacity  grew  at  an  ever  increasing  rate  and  perhaps 
culminated  in  the  assembly  line  techniques  developed  by 
Henry  Ford  in  the  early  Twentieth  Century  (20:216-235). 

Scientific  Management.  In  the  early  Twentieth  Century , 
the  United  States  was  an  industrial  powerhouse.  The 
national  attributes  which  so  ably  transferred  the  Industrial 
Revolution  from  Europe  continued  to  fuel  the  American 
industrial  machinery.  The  national  prosperity  brought  with 
it  a  re-examination  of  the  concept  of  the  nature  of  work  and 
the  relationships  between  labor  and  management.  A  new 
philosophy  of  management  became  widely  accepted.  This 
philosophy  was  based  on  the  assumption  that  very  few  workers 
could  handle  or  even  wanted  a  high  degree  of  autonomy  on 
their  jobs.  Therefore,  the  simpler  the  task,  the  greater 
the  output--this  was  the  philosophy  that  started  the 
Scientific  Management  Movement  (21:93).  Frederick  Taylor  is 
considered  by  many  to  be  the  man  responsible  for  scientific 
management;  although,  in  recent  years  his  role  has  been 

*  somewhat  disputed  (20:37).  Nevertheless,  Taylor's  book, 

"The  Principles  of  Scientific  Management,"  had  a  tremendous 

*  effect  on  management  thought  of  that  day  and  it  continues  to 
hold  a  very  important  place  in  management  education. 
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It  was  Taylor  and  his  contemporaries  who  first  introduced 
the  term  "productivity"  as  a  word  describing  industrial 
efficiency  (22:312). 

Taylor  proposed  that  managers  increase  productivity  by 
using  four  basic  scientific  principles: 

1.  Developing  a  true  science  of  management  to 
determine  the  most  efficient  method  for  performing 
each  task. 

2.  Selecting  the  workers  carefully  and 
scientifically  so  that  workers  were  given 
responsibility  for  performing  the  tasks  for  which 
they  were  best  suited. 

3.  Educating  and  training  workers  scientifically  to 
perform  tasks  in  the  best  prescribed  manner. 

4.  Arranging  close  cooperation  between  those  who 
plan  the  work  and  those  who  do  it  to  assure  that 
all  the  work  would  be  performed  in  strict 
accordance  with  the  principles  derived  from 
scientific  analysis. 

Taylor  believed  that  these  principles  would  benefit  the 
organization  and  the  workers. 

Taylor’s  work  was  shop-oriented  and  included  many  * 

studies  of  methods  to  increase  the  output  of  individual 
workers.  He  was  criticized  as  being  just  another  "time  • 

study  analyst"  and  this  criticism  led  to  his  appearance 
before  a  special  United  States  House  Comm  e  charged  with 
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investigating  the  principles  of  the  scientific  management 

*  school.  Taylor  defended  his  ideas  as  the  beginning  of  a 
mental  revolution  on  the  part  of  both  workers  and  managers: 

*  "The  great  revolution  that  takes  place 

in  the  mental  attitude  of  the  two 
parties  under  scientific  management  is 
that  both  sides  take  their  eyes  off  the 
division  of  the  surplus  as  the  all- 
important  matter i  ard  together  turn 
their  attention  toward  increasing  the 
size  of  the  surplus  until  this  surplus 
becomes  so  large  that  it  is  unnecessary 
to  quarrel  over  how  it  shall  be  divided. 

They  come  to  see  when  they  stop  pulling 
against  one  another,  and  instead  both 
turn  and  push  shoulder  to  shoulder  in 
the  same  direction,  the  size  of  the 
surplus  created  by  their  joint  efforts 
is  truly  outstanding."  (23:63) 

Taylor  sought  to  eliminate  the  raw  exercise  of 
authority  by  making  managers  subject  to  rules  and  discipline 
as  much  as  the  workers.  Management's  job  was  to  place  the 
right  worker  in  the  right  job  according  to  scientific 
selection.  Management  "from  the  hip"  gave  way  to  the 
science  of  each  task. 

Frank  and  Lillian  Oilbreth  made  significant 
contributions  to  scientific  management  in  the  fields  of 
motion  and  time  study  (22:44).  Henry  Oantt  studied  habits 
in  industry  and  developed  improvements  in  Taylor's  piece 

t 

rate  system.  Oantt  also  made  a  substantial  contribution  to 
management  planning  and  control  processes  through  the 

*  development  of  scheduling  charts  which  related  facts  to 
significant  units  of  time  (22:48).  Harrington  Emerson  wrote 
two  important  books  on  the  subject  of  efficiency.  His  work 
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emphasized  the  importance  of  correct  organization  in  the 
effort  to  achieve  high  productivity.  He  set  forth  a  number 
of  principles  of  efficiency  which  still  apply  (22:44-56). 

With  the  growth  of  scientific  management  came  the 
development  of  administrative  management.  As  a  result  of 
greater  efficiency  in  industry,  organizations  grew  and 
became  more  complex.  Because  of  this  great  growth,  the  need 
for  an  overall  understanding  of  the  management  process 
became  apparent.  Henry  Fayol,  a  French  industrialist  became 
one  of  the  first  and  most  prominent  contributors  to 
administrative  management  thinking.  Fayol  analyzed  the 
manager's  job  in  terms  of  universal  commonalities.  He 
identified  five  management  functions:  planning,  organizing, 
commanding,  coordinating  and  controlling.  These  functions 
are  still  widely  used  as  one  means  of  understanding  the 
manager’s  tasks  (24:4).  The  combination  of  scientific  and  . 
administrative  management  served  to  place  more  emphasis  on 
the  skill  of  the  manager  and  one's  ability  to  get  the  best 
effort  from  the  wor  Unfortunately,  scientific  and 

administrative  management  tended  to  become  one-sided.  With 
the  emphasis  given  to  changes  in  methods  and  organization 
design  for  the  sole  purpose  of  Improving  productivity, 
little  thought  was  given  to  the  worker  and  his  or  her  well¬ 
being  (25:53). 

It  was  during  this  period  that  productivity  became 
synonymous  with  efficiency.  The  ratio  of  input  to  output  of 
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workers  and  processes  became  the  proninent  measure  of 
performance.  Continuous  improvement  in  the  efficiency  of 
each  step  of  the  process  of  a  plant  became  the 
organisational  goal,  and  the  desires  of  the  worker  were 
given  ever-decreasing  emphasis.  The  early  1900's  was  a 
period  of  plenty  in  the  United  States  and  the  hunger  for 
more  drove  the  industrial  machine  to  greater  technology  and 
less  consideration  for  the  human  interests  involved. 

The  excesses  of  the  age  in  the  market  place  and  in  the 
human  arena  lashed  back  at  the  American  economy  and  the 
people.  The  vision  of  Taylor  and  others  for  a  "new  idea  of 
cooperation  and  peace  being  substituted  for  the  old  idea  of 
discord  and  war”  in  management/worker  relations  was  never 
realized  (26:211). 

Human  Relations.  While  scientific  management  was 
becoming  the  watchword  for  American  industry,  new  studies 
were  being  developed  that  would  drastically  change  the 
perception  of  the  worker’s  role  in  industry  and  the  methods 
by  which  organizations  could  become  more  productive 
(26:212).  It  became  increasingly  apparent  that  factors 
other  than  money  motivated  people  and  some  employees  wars 
f  "self-starters”  who  did  not  need  to  be  closely  supervised. 

The  human  relations  school  of  thought  had  its 
#  beginnings  in  the  late  1930’s  and  the  early  1940’s.  The 

basic  idea  was  that  worker  performance  is  related  to 
psychological  and  social  factors  rather  than  the  physical 
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environment.  It  revolutionised  management  thinking  by 
focusing  attention  on  the  components  of  •  job  end  worker  4 

sstisfsction  on  the  psrt  of  the  employs*  (27:3).  Attention 
shifted  sway  from  the  scientific  measurement  of  piece  work 
toward  a  better  understanding  of  the  nature  of  interpersonal 
and  group  relationships  on  the  job. 

The  human  relations  movement  soon  attracted  wide 
attention  in  both  academic  and  industrial  circles.  Many 
organizations  revised  their  management  approach  to  increase 
emphasis  on  the  human  factor  (28:6).  However ,  many 
proponents  of  human  relations  drew  inferences  from  their 
research  that  were  difficult  to  support.  For  example ,  some 
equated  morale  in  an  organisation  with  productivity.  Morale 
describes  a  person's  satisfaction  with  membership  in  an 
organization.  Productivity  is  related  to  many  factors  such 
as  disciplinef  control  and  motivation,  but  in  the  total  mix 
of  these  factors,  morale  may  be  relatively  insignificant. 

No  clear  relationship  appears  to  exist  between  morale  and 
productivity  (29:24). 

One  reason  academia  and  Industry  gave  such  credence  to 
the  theory  of  human  relations  was  that  its  effects  were 
studied  in  a  more  "eeientlf ic"  manner  than  were  those  of  a 

scientific  management.  Comparative  studies  such  as  those 
conducted  at  the  Hawthorne  Plant  utilised  experimental  @ 

designs  and  drew  conclusions  based  on  the  outcome  of 
manipulation  within  these  designs.  Where  the  scientific 
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managers  war*  concerned  with  efficiencies,  the  human 
relationiats  studied  behavior  associated  with  efficiencies. 
They  went  a  step  further  in  their  research  by  asking  uhz 
things  happened. 

The  human  relations  movement  sought  to  respond  to  the 
excesses  of  the  previous  decades.  The  national  economy  was 
beginning  a  slow  comeback  from  the  Great  Depression.  Many 
people  had  experienced  joblessness,  while  a  very  few 
remained  economically  solvent.  Labor  unions  were  a  fact  of 
life  in  the  late  Thirties  and  people  were  demanding  fair 
treatment  by  industry  and  the  protection  of  their  rights  by 
the  government.  However,  human  relations  could  not  solve 
all  the  problems  of  management  and  by  the  late  1960's 
serious  signs  of  disillusionment  were  widespread  in 
industry.  Some  authorities  even  recommended  returning  to  a 
philosophy  of  benevolent  authoritarianism  (30:82-90). 

Refinement  and  Synthesis.  In  the  late  1960's,  managers 
began  to  understand  that  no  single  set  of  laws  can  be 
applied  to  all  management  problems.  The  methods  of 
scientific  management  and  human  relations  continued  to 
advance  into  such  areas  as  motion  and  time  study,  operations 
research  and  industrial  relations.  In  addition,  new 
concepts  began  to  evolve  by  combining  these  approaches. 

The  last  forty  years  hava  seen  an  advance  in  technology 
unlike  any  in  history.  These  technological  advances  have 
allowed  scientists  and  managers  to  create  increasingly 
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complex  organization*  and  perform  detailed  analyses  based  on 
volumes  of  information.  The  contingency  and  systems 
approaches  to  management  are  two  major  concepts  to  emerge 
from  this  era  (31:65). 

Contingency  theory  recognizes  that  every  organization 
exists  in  a  unique  environment.  It  attempts  to  analyse  and 
understand  the  relationships  between  the  organization  and 
its  environment  with  the  purpose  of  taking  specific 
management  actions  necessary  to  deal  with  problems.  The 
contingency  approach  is  analytical  and  situational  and  seeks 
to  develop  the  most  practical  answer  to  the  question 
(31:371). 

The  systems  approach  gives  managers  a  way  of  looking  at 
the  organization  as  a  whole  that  is  greater  than  the  sum  of 
its  parts.  The  term  "system"  refers  to  a  series  of 
interrelated  and  interdependent  parts:  in  a  system,  any 
interaction  of  the  parts  affects  the  whole.  A  system  has 
inputs,  processes  and  outputs.  There  is  constant  feedback 
botveon  the  environment  and  the  system.  This  allows  for 
very  accurate  analysis  tools.  Managers  csn  observe  the 
effect  of  changes  within  the  system  based  on  the  effects  on 
its  various  parts.  For  example,  in  a  manufacturing 
organization  where  the  goal  is  to  ship  as  many  products  as 
possible,  a  manager  can  observe  the  effect  of  robot 
Installation  on  overall  productivity  and  its  effect  on 
transportation  and  material  handling.  The  manager  may  find 


20 


it  ia  beat  to  not  inatall  robota  or  to  inatall  a  small 
number  of  robota  beeauae  the  increaaed  coat  of  material 
handling  and  tranaportation  overcomea  the  benefita  of  the 
increased  aalea.  Ideally,  the  systems  approach  would  view 
the  effect  on  all  parta  of  the  organisation  and  make  the 
deciaion  by  optimizing  the  effect  on  the  whole  organization 
(32:16). 

During  this  refinement  and  synthesis  period, 
productivity  measurement  has  also  become  more  complex.  It 
ia  still  thought  of  aa  a  ratio  of  output  to  input  in  most 
cases,  yet  the  number  and  importance  of  variables  which  make 
up  the  measurement  differ  within  and  among  organizations. 

Despite  the  advances  in  technology  and  the  increased 
emphasis  on  productivity  measurement,  the  late  Sixties  and 
the  decade  of  the  Seventies  were  periods  of  economic  decline 
in  the  United  States.  A  world  recession,  meagsr  rscovery 
and  return  to  recession  were  major  contributors  to  this 
decline.  Additionally,  the  petroleum  crisis  and  world 
competition  spurred  by  technology  also  had  a  detrimental 
effect  on  the  American  economy.  The  net  result  has  been  a 
renewed  search  for  productivity  enhancement  initiatives 
(34:136). 

Summary.  This  section  of  background  provided  a 
historical  perspective  of  productivity.  We  have  learned 
that  there  has  always  been  a  concern  for  productivity  in 
industry.  From  biblical  times  until  the  present,  we  have 


21 


•ought  to  define i  measure  end  enhance  our  ability  to  produce 
goods  and  services.  The  nethodology  and  concern  for 
productivity  aeasures  have  continued  to  change  based  on  the 
changes  in  the  national  economy  and  advances  in  technology. 
It  seems  that  during  periods  of  relative  affluence  American 
industry  was  content  to  stay  with  whatever  seemed  to  be 
working.  However,  the  major  advances  in  management  thought 
and  productivity  measurement  have  come  as  a  result  of  hard 
times.  Desperation  seems  to  be  the  best  stimulus  for 
creative  thought. 

With  each  advance  in  technology  and  change  in 
management  concepts,  we  have  become  increasingly  diverse. 
Today,  there  are  still  many  different  ways  to  view 
productivity  and  to  apply  measurement  methods  to  assess 
performance.  Hopefully,  we  have  learned  from  history  the 
importance  of  embracing  new  concepts  without  falling  prey  to 
faddish  enthusiasm.  The  next  section  will  examine  three  of 
the  most  common  definitions  of  productivity  in  industry 
today. 


Productivity  -  Three  Common  Definitions 

What  is  productivity?  This  basic  question  has  been 
pondered  by  government  and  industry  since  the  term  was  first 
used  in  the  early  part  of  the  Twentieth  Century.  Not  only 
has  the  definition  changed  based  on  management  trends,  but 
also  productivity  may  be  defined  according  to  the 
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occupational  background  of  the  observer.  In  this  section  of 
the  literature  review,  three  common  definitions  of 
productivity  are  examined.  First,  the  accountant's  view  of 
productivity  is  examined  to  provide  an  understanding  of  the 
cost  accounting  tools  used  to  aeasure  financial  perforaance 
in  organizations.  Second,  the  engineer's  perspective  of 
productivity  provides  a  scientific  view  in  terns  of  aachine 
efficiency  and  the  attempt  to  apply  this  definition  to 
complex  organizations.  Lastly,  the  aanager's  definition  of 
productivity  seeks  to  integrate  all  perforaance  indicators 
into  one  basic  measurement  of  multi  or  total  factor 
productivity. 

The  Accountant's  View.  Accounting  furnishes 
information  which  aanagement  needs  in  order  to  operate  a 
business  efficiently  and  meet  its  responsibilities  to  the 
owners  of  the  enterprise,  creditors,  employees,  government 
and  the  general  public  (35:32).  Therefore,  the  accountant 
concerns  himself  with  the  financial  welfare  of  the 
organization.  Financial  performance  is  measured  and 
reported  in  three  basic  formats: 

1.  Historical  reports 

2.  Current  performance  reports 

3.  Future  performance  reports 

Historical  reports  summarize  all  transactions  carried 
on  by  an  organization  in  the  past.  They  are  used  to  make 
general,  overall  appraisals  of  the  success  of  past 
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operations.  Current  performance  reports  pertain  to 
activities  that  are  taking  place  at  the  time  of  the  report. 

They  measure  the  current  efficiencies  of  certain  key 
activities  or  operations  at  various  levels  of  the 
organisation.  These  reports  aid  in  the  control  of  the  dally 
functions  of  the  enterprise.  Future  reports  are  financial 
forecasts  used  to  plan  future  operations.  Together  these 
reports  say  to  the  accountant,  "This  is  what  we  have  done  in 
the  past,  this  is  how  it  is  affecting  our  current 
performance  and  based  on  these  trends,  this  is  what  we 
should  do  in  the  future.*1  This  is  the  basis  for  the  cost 
accounting  system  which  is  prevalent  in  American  industry 
(36:10.11-10.22). 

Cost  accounting  is  one  aspect  of  general  accounting 
procedures  concerned  with  reporting  and  analyzing  detailed 
cost  information  for  internal  management  decisions.  It 
provides  answers  to  the  following  questions: 

1.  What  kinds  of  costs  are  the  company  incurring? 

2.  What  is  the  cost  per  unit  and  in  total,  for 
each  of  the  different  types  of  products 
manufactured  or  sold? 

3.  What  portion  of  total  cost  is  assignable  to 

a 

ending  inventories  and  what  portion  to  operating 
expenses? 

e 

4.  What  amount  of  cost  is  each  department  head  or 
other  manager  responsible  for? 
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5.  How  do  the  changes  in  output,  product  six, 

* 

climate,  or  other  operating  conditions  affect  the 
amount  of  costs? 

*  The  answers  to  these  questions  give  managers  insight  into 

the  cost-benefit  ratio  of  their  decisions  (37:387-388). 

This  type  of  financial  data  provides  a  primary  source  of 
input  for  decision  making.  In  fact,  cost  accounting  has 
been  so  fully  integrated  into  productivity  concepts  that  it 
is,  many  times,  the  only  system  for  measuring  performance. 
The  idea  is  that  if  an  organisation  minimises  the  costs 
associated  with  all  of  its  activities,  the  effect  is  maximum 
benefit  in  the  form  of  higher  profits  (38:17).  Most  other 
definitions  of  productivity  have  become  subordinate  to  this 
basic  ratio  expressed  as: 

Output  Total  Profit 

Productivity  ■  -  ■  -  —  - — — —  ■ 

Input  Total  Cost 

The  accountant  holds  to  the  definition  of  productivity  as  a 
measure  of  efficiency  and  translates  the  ratio  into  dollars 
and  cents  (38:32). 

The  Engineer' 1  XlMSU  Engineers  are  usually  the 
technical  problem  solvers  in  an  organisation.  They  provide 
*  the  human  link  between  the  scientist  and  the  manager  (39:1). 

Engineers  most  often  work  at  the  firm  level  where  they 
,  design  and  implement  work  processes.  Consequently,  the 

engineer’s  perspective  is  typically  limited  to  a  micro  view 
of  productivity.  The  mechanical  or  industrial  engineer  is 
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usually  concerned  with  efficiencies  in  working  groups  or 
processes  rather  than  the  performance  of  the  organisation  as 
a  whole.  Like  the  accountant,  the  engineer  believes  that 
efficient  processes  will  yield  an  efficient  organisation 
(40:65-87). 

The  engineering  approach  to  productivity  is  derived 
from  the  basic  definition  of  mechanical  efficiency: 

E 

Mechanical  Efficiency  *  —  - 

E  ♦  L 

In  this  formula,  E  is  the  energy  output  of  the  machine  and  L 
is  the  energy  lost  in  performing  the  output  (41:422).  For 
example,  the  efficiency  of  an  electric  motor  is  the  ratio 
between  the  power  delivered  by  the  motor  to  the  machinery 
which  it  drives,  and  the  power  it  receives  from  the 
generator.  If  a  motor  receives  50  kilowatts  from  a 
generator  and  the  output  is  only  47  kilowatts,  then  the 
machine  is  94%  efficient. 

E  47  kw 

-  *  -  s  94% 

E  +  L  50  kw 

A  subtlety  in  this  concept  is  the  notion  that  perfect 
efficiency  can  never  be  better  than  100%.  While  this  may  be 
true  in  the  physical  sense,  financial  efficiencies  can  and 
should  exceed  100%  so  that  an  organization  may  show  a  profit 
(41:423).  This  subtlety  indicates  a  potential  barrier  in 
the  conceptual  understanding  of  productivity  in  an 
organization.  While  the  accountants  are  looking  for  a 


department  with  higher  financial  productivity  in  the  form  of 
reduced  cost  and  accelerated  throughput,  the  engineers  say 
be  convinced  that  the  processes  are  at  their  peak 
efficiency. 

Another  way  an  engineer  nay  view  productivity  is 
derived  from  the  absolute  efficiency  formula: 

E 

Absolute  Efficiency  «  — — 

El 

In  this  formula,  E  is  the  energy  output  of  the  machine  and 
El  is  the  total  potential  output.  This  formula  is  useful  to 
the  engineer  when  calculating  efficiency  in  classes  of 
machinery  where  the  total  potential  output  is  much  larger 
than  that  represented  by  the  amount  actually  used  to  operate 
the  machine  (41:426).  This  concept  has  been  extensively 
developed  in  the  field  of  industrial  engineering  which  is 
concerned  with  methods  for  calculating  potential  output 
standards.  The  practice  of  work  measurement  applies  this 
principle  to  answer  two  basic  questions: 

1.  What  is  the  best  way  to  do  a  particular  Job? 

2.  When  this  best  method  is  used,  what  is  the  standard 
evel  of  output  to  be  expected,  given  the 

eduction  environment,  materials,  labor  force, 

.u.? 

Work  measurement  and  methods  time  measurement  are  the 
engineer’s  answer  to  the  application  of  absolute  efficiency 
to  output  efficiency  or  the  productivity  of  an  organization 
(41:36-39) . 
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Output  Efficiency  « 


Actual  Output 


■4 


Potential  Output 
Considerable  advances  have  been  made  in  applying  work 
neasuresient  techniques  to  aany  different  working 
environments.  When  engineered  standards  are  not  available 
or  feasible,  there  are  many  other  methods  to  define 
potential  output.  Some  of  these  methods  are  the  use  of 
performance  history,  technical  estimates  made  by 
knowledgeable  individuals,  or  statistical  samples  (42:188- 
190) . 

While  accepting  the  basic  understanding  of  productivity 
as  a  ratio  of  output  to  input,  the  engineer’s  definition 
differs  from  the  accountant’s  in  terms  of  this  perspective 
of  the  organization.  Although  both  agree  that  efficient 
pieces  contribute  to  an  efficient  whole,  they  differ 
somewhat  on  how  this  is  to  be  achieved.  The  accountant 
looks  for  efficient  costs  where  the  engineer  is  inclined 
toward  mechanical  processes.  The  manager’s  task  is  to 
integrate  these  concepts  into  a  broader  and  more  useful 
definition  of  productivity. 

The  Manager’s  View,  Productivity,  in  the  view  of 
American  managers,  is  the  relationship  between  the  output  of 
an  organization  and  it’s  required  inputs.  While  this 
definition  is  similar  to  those  of  the  accountant  and 
engineer,  there  is  an  important  conceptual  difference. 
Managers  are  concerned  with  the  total  health  of  an 


28 


organisation,  including  the  welfare  of  the  employees,  the 
quality  of  products  and  the  inpact  on  the  coanunity  and 
environaent.  This  broad  view  of  the  organisation  has  given 

«  rise  to  a  definition  of  productivity  which  is  auch  larger  in 

focus  than  those  already  seen  (44:23).  Unlike  the 
straightforward  view  of  the  productivity  of  a  mechanical 
device,  the  complexity  of  an  organisation  suggests  a  need 
for  a  macro-approach  to  measurement. 

Three  basic  levels  of  productivity  measurement  are:  (1) 
partial  measure,  (2)  multi-factor,  and  (3)  total  factor 
(33:304).  The  three  measures  are  differentiated  based  on 
the  range  of  inputs  included.  If  there  is  only  one  input, 
this  is  referred  to  as  partial  productivity.  If  there  is 
more  than  one  input,  but  not  all  available  inputs  are  used, 
the  result  is  multi-factor  productivity.  If  all  inputs  are 
considered,  the  measure  is  called  total  factor  productivity. 
The  accepted  belief  in  industry  is  that  the  more  inputs  one 
can  consider  when  measuring  productivity,  the  more  useful 
the  information  will  be.  With  the  proliferation  of  computer 
systems  in  the  United  States,  managers  have  a  great  deal  of 
information  with  which  to  work  (33:305). 

,  A  useful  indicator  of  an  organization's  effectiveness 

in  addressing  productivity  is  the  total  productivity 
measure.  Total  productivity  is  defined  as  total  output 

I 

divided  by  the  sum  of  all  the  inputs:  (45:106) 
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Total  Productivity  * 


Output 


Labor  +  Materials  +  Capital  +  Energy 

* 

Management’s  task  is  to  bridge  the  gap  from  physical 
measures  of  operational  control  to  the  "big  picture"  needs 

m 

of  the  entire  organization.  Productivity  measures  are 
needed  for  effective  strategic  planning:  a  strategic 
business  plan  is  incomplete  if  productivity  improvement  is 
not  an  integral  element  of  the  plan. 

One  approach  to  measurement  is  illustrated  by  a  report 
from  a  total  performance  measurement  system  developed  by  the 
American  productivity  center. 

Table  1  Multi-factor  Productivity  (46:312) 


Performance  Indexes  (%)  Effects  on  Profit 


Input 

Profit¬ 

ability 

Product¬ 

ivity 

Price 

Recovery 

Profit¬ 

ability 

Product-  Price 
tivity  Recovery 

Labor 

91.5 

112.0 

81.7 

$(3,307) 

$3,511  $(6,818) 

Material 

88.3 

97.9 

90.3 

(3,099) 

(478)  (2,621) 

Energy 

87.8 

113.6 

77.3 

(460) 

367  (827) 

Capital 

106.4 

100.7 

107.7 

2,196 

261  1,935 

Total 

95.5 

104.2 

91.7 

$(4,670) 

$3,661$(8,331) 

The  first  three  columns  provide  indexes  of 
profitability  (productivity  x  price  recovery),  productivity  ^ 

(outputs  /  inputs)  and  price  recovery  (the  degree  to  which 
increases  in  unit  costs  of  inputs  are  recovered  by  increases 

* 

in  selling  prices),  and  for  each  of  the  major  inputs  and  in 
total.  By  examining  the  "total"  line,  one  can  conclude  that 
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a  4 . 5%  decline  in  profits  (100-95.5)  resulted  from  s  large 
drop  in  price  recovery  (the  company  was  not  able  to  get 
through  increases  in  input  costs  to  the  customer)  which  was 
partially  offset  by  a  4.2*  increase  in  total  productivity. 
The  last  three  columns  of  the  report  provide  the  dollar 
impact  of  the  changes  in  the  indexes.  This  information 
shows  that  a  large  percentage  drop  in  the  productivity  of  a 
minor  input  may  be  of  less  consequence  than  a  smaller 
decline  in  a  major  input.  A  measurement  system  like  this 
enables  management  to  grasp  the  productivity  performance  of 
a  company  and  its  major  components.  It  strengthens  the 
planning  process  by  making  the  long  range  impact  of 
productivity  and  price  recovery  easy  to  understand 
(46:314). 

While  measurement  is  integral  to  the  productivity 
management  process f  it  is  not  a  cure-all.  There  is  no 
perfect  system  of  measurement.  Many  activities  within  an 
organisation  are  difficult  to  quantify  und,  in  fact,  may 
elude  measurement  altogether.  For  example,  service 
organisations  and  government  agencies  produce  outputs  that 
are  difficult  to  measure  and  where  profit  is  not  the 
objective.  How  does  one  measure  customer  service  or 
national  security?  The  manager  must  strive  to  balance  the 
effect  of  these  intangibles  on  organizational  effectiveness. 
The  total  productivity  measure  is  an  attempt  to  control  the 
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* 


broad  concept  of  productivity  by  examining  as  aany  of  the 

* 

components  of  an  organisation  ae  possible . 

Summery.  Productivity  is  defined  in  aany  different 
ways.  The  background  of  the  observer  and  the  level  of  * 

responsibility  one  has  in  an  organisation  are  key 
deterainants  as  to  how  one  aay  view  productivity  and  the 
aeasureaent  application  one  aay  atteapt  to  iapleaent.  This 
section  has  examined  three  of  the  aost  coaaon  definitions  of 
productivity.  These  different,  yet  associated  views,  help 
point  out  the  coaplexity  of  productivity  aanageaent. 

Trends 

Corporate  America  is  constantly  looking  for  "better 
margins,"  meaning  larger  profit.  Increasing  productivity  in 
industry  is  one  way  of  increasing  profits;  therefore, 
concern  for  industrial  productivity  enhancement  has  been  on 
the  rise.  The  aajor  reason  for  the  increase  in  concern  of 
late  is  a  result  of  the  drastic  econoaic  slowdown  of  the 
1970's.  The  conditions  which  contributed  to  this  slowdown 
included  a  world  recession,  a  aeager  recovery,  another 
recession,  extensive  drought  and  the  petroleum  crisis. 

While  the  United  8tates  was  increasing  its  national  debt  to 

% 

survive,  foreign  coapetition,  spurred  by  technological 
advances,  was  taking  over  traditionally  Aaerlcan  markets 
(47:61).  In  the  1980's,  the  Aaerlcan  economy  becaae  9 

increasingly  service-oriented  as  the  United  States  left  sore 
and  aore  of  the  manufacturing  to  other  countries  (48:64). 
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One*  again  desperate  tints  hava  craatad  an  anvironnant  raady 
for  new  idaas. 

Two  nan  hava  anargad  with  idaas  which  ara  changing  tha 
way  Anaricans  viaw  businass  and  productivity.  In  this 
section*  tha  Total  Quality  Managanant  concepts  of  W.  Edwards 
Daning  will  be  discussed  in  general  and  as  they  relate  to 
service  organisations.  Also*  tha  Theory  of  Constraints 
developed  by  Eliyahu  Ooldratt  ia  axaninad.  Together,  these 
concepts  represent  prominent  influences  in  current 
nanagenent  thought  and  productivity  concepts. 

Total  Quality  Control.  William  Edwards  Darning  was  born 
in  the  United  States  in  1900.  At  the  age  of  fifty,  he  was 
invited  to  Japan  to  help  revive  its  war-torn  economy,  but 
not  until  the  1980's  was  his  expertise  recognized  in  the 
United  States.  Today,  "The  Darning  Management  Method"  is 
taught  in  most  universities  and  industry  is  applying  the 
Total  Quality  Control  (TQC)  concept  proposed  by  Doming  in  an 
effort  to  regain  the  competitive  position  once  held  by  the 
U.S.  (49:3). 

The  basic  premise  of  the  Darning  philosophy  is  that 
productivity  increases  with  quality  improvement  and  that  low 
quality  means  high  cost  and  loss  of  competitive  position. 
Regardless  of  the  particular  view  of  productivity  held,  this 
philosophy  is  applicable. 

For  years,  there  has  been  a  perceived  conflict  between 
quality  and  productivity  in  American  industry.  If  quality 
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was  increased,  productivity  dropped  off  or  vice  versa.  The 
consensus  of  management  was  to  strike  the  balance  by  making 
quality  standards  only  ms  good  as  they  had  to  be,  while 
pushing  for  ms  much  production  ms  possible  (50:1).  The  m 

fmllacy  of  this  trmdeoff  has  been  demonstrated  by  a  loss  of 
competitive  position  to  foreign  sources,  especially  in 
manufactured  goods.  The  clear  message  from  Japan  and 
Germany  is  that  quality  products  translate  into  increased 
market  share.  The  predominant  messenger  for  quality  has 
been  and  remains  W.  Edwards  Deming. 

As  a  statistician,  Dr.  Deming  has  continuously  sought 
to  develop  sources  of  improvement.  Understanding  that 
statistical  evaluation  is  not  a  cure-all  for  quality 
problems,  he  concluded  that  what  was  needed  was  a  change  in 
basic  management  philosophy,  but  a  philosophy  which  made 
effective  use  of  statistical  methods  for  quality  control. 

Dr.  Deming  developed  this  philosophy  as  described  in  "The 
Fourteen  Points"  and  "  The  Seven  Deadly  Diseases" ( 60 : 23 ) . 

These  items  explain  how  to  create  an  environment  conducive 
to  increased  productivity  and  how  to  avoid  the  obstacles 
that  thwart  productivity. 

% 

"The  Fourteen  Points  of  Management" 

1 .  Create  constancy  of  purpose  toward  improvement  of 

product  and  service,  with  the  sin  to  become  v 

competitive  and  to  stay  in  business,  and  to 

provide  Jobs. 

2.  Adopt  the  new  philosophy.  We  are  in  a  new 
economic  age.  Western  management  must  awaken  to 
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the  challenge,  must  lesrn  their  responsibilities, 
end  take  on  leadership  for  change. 


3.  Cease  dependence  on  inspection  to  achieve 
quality.  Eliminate  the  need  for  inspection  on  a 
mass  basis  by  building  quality  into  the  product  in 
the  first  place. 

4.  End  the  practice  of  awarding  business  on  the 
basis  of  price  tag.  Instead,  minimise  total 
cost.  Move  toward  a  single  supplier  for  any  one 
item,  on  a  long-term  relationship  of  loyalty  and 
trust. 

5.  Improve  constantly  and  forever  the  system  of 
production  and  service,  to  improve  quality  and 
productivity,  and  thus  constantly  decrease  costs. 

6.  Institute  training  on  the  job. 

7.  Institute  leadership.  The  aim  of  supervision 
should  be  to  help  people  and  machines  and  gadgets 
to  do  a  better  job.  Supervision  of  management  is 
in  need  of  overhaul,  as  well  as  supervision  of 
production  workers. 

*  8.  Drive  out  fear,  so  that  everyone  may  work 

effectively  for  the  company. 

9.  Break  down  barriers  between  departments.  People 
in  research,  design,  sales,  and  production  must 
work  as  a  team,  to  foresee  problems  of  production 
and  in  use  that  may  be  encountered  with  the 
product  or  service. 

10.  Eliminate  slogans,  exhortations,  and  targets  for 
the  work  force  asking  for  sero  defects  and  new 
levels  of  productivity.  Such  exhortations  only 
create  adversarial  relationships,  as  the  bulk  of 
the  causes  of  low  quality  and  low  productivity 
bolong  to  the  system  and  thus  lie  beyond  the  power 
of  the  work  force. 

11a.  Eliminate  work  standards  (quotas)  on  the  factory 
floor.  Substitute  leadership. 

b.  Eliminate  management  by  objective.  Eliminate 
management  by  numbers,  numerical  goals. 

Substitute  leadership. 

12a.  Remove  barriers  that  rob  the  hourly  worker  of  his 
right  to  pride  of  workmanship.  The 
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responsibility  of  supervisors  oust  be  changed  from 
sheer  nuabers  to  quality. 

* 

b.  Reaove  barriers  that  rob  people  in  management  and 
in  engineering  of  their  right  to  pride  of 
workmanship.  This  means,  inter  alia,  abolishment 
of  the  annual  or  merit  rating  and  of  management  • 

by  objective. 

13.  Institute  a  vigorous  program  of  education  and 
self •improvement. 

14.  Put  everybody  in  the  company  to  work  to  accomplish 
the  transformation.  The  transformation  is 
everybody's  Job. 

“The  Seven  Deadly  Diseases" 

1.  Lack  of  constancy  of  purpose  to  plan  product  and 
service  that  will  have  a  market  and  keep  the 
company  in  business,  and  provide  jobs. 

2.  Emphasis  on  short-term  profits:  short-term 
thinking  (just  the  opposite  from  constancy  of 
purpose  to  stay  in  business),  fed  by  fear  of 
unfriendly  takeover,  and  by  push  from  bankers  and 
owners  for  dividends. 

3.  Evaluation  of  performance,  merit  rating,  or  annual 
review. 

4.  Mobility  of  management;  job  hopping. 

5.  Management  by  use  only  of  visible  figures,  with 
little  or  no  consideration  of  figures  that  are 
unknown  or  unknowable.  (Peculiar  to  industry  in 
the  U.S.,  and  beyond  the  scope  of  this  book.) 

6.  Excessive  medical  costs. 

7.  Excessive  costs  of  liability,  swelled  by  lawyers 
that  work  on  contingency  fees.  (50:23-35) 


* 


Simply  reviewing  the  framework  behind  the  philosophy  is 
not  enough.  To  understand  its  application,  it  must  be  w 

viewed  at  work  in  an  organization.  Because  of  the  expansion 
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of  service  industries  in  the  American  economy*  application 
of  the  Deming  Method  will  be  viewed  in  the  service  sector. 

A  service  organization  is  one  which  earns  a  profit  by 
providing  a  convenience  to  a  customer.  Service 
organizations  include  restaurants*  hotels*  bars,  banks* 
hospitals*  maintenance  and  government  agencies.  Six  out  of 
seven  people  in  the  American  labor  force  are  engaged  in 
service  industries;  therefore,  it  is  obvious  that  for  the 
quality  of  life  to  be  improved  in  the  United  States*  we  must 
be  concerned  with  the  quality  and  productivity  in  services 
(51:185) . 

In  his  book,  "Out  of  Crisis,"  Dr.  Deming  cites  an 
example  of  TQC  application  in  the  municipal  services  of 
Madison,  Wisconsin.  In  1984,  there  were  so  many  complaints 
about  the  quality  of  service  in  the  Motor  Equipment  Division 
that  morale  had  seriously  declined.  As  a  result*  the  mayor 
decided  to  transform  the  management  of  the  division  to 
emphasize  improvement  in  the  quality  of  customer  service. 

The  mechanics  employed  in  the  division*  through  surveys 
and  informal  discussions,  collected  data  concerning  the 
major  customer  complaints.  They  found  the  overriding 
complaint  to  be  excessive  downtime  of  vehicles.  The 
mechanics  drew  a  flow  diagram  of  the  process  for  the  repair 
of  vehicles  and  collected  data  to  determine  how  much  time 
was  needed  to  complete  each  step  of  the  process. 
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By  comparing  the  costa  associated  with  major  repair  and  the 
costs  of  simple  maintenance  procedures  implemented  to 
prevent  major  repairsi  they  justified  the  institution  of  a 
comprehensive  maintenance  program. 

The  application  of  the  Deming  method  as  these  mechanics 
learned  it,  greatly  improved  the  quality  and  productivity  of 
their  vorkcenter.  Dr.  Deming  goes  on  to  suggest  that  the 
same  method  can  be  applied  in  any  fleet  of  vehicles.  The 
emphasis  was  to  create  an  environment  which  promoted  the 
idea  of  doing  things  right  the  first  time  (50:245-247). 

The  U.S.  quality  movement  has  been  slow  to  take  hold. 
Total  Quality  Management  is  present  at  only  a  handful  of 
leading  U.S.  companies  and,  for  the  most  part,  companies  are 
implementing  the  concept  on  an  independent  basis.  However, 
this  philosophy  is  catching  on  and  as  the  success  of  its 
implementation  has  grown,  so  has  the  call  for  more 
information.  The  nation’s  manufacturers,  as  well  as  service 
organizations  in  both  the  public  and  private  sectors,  are 
investing  in  TQM  as  a  means  to  make  "Made  in  America"  a 
guarantee  of  quality  once  again  (49:8-16).  As  Deming  states 
in  his  book,  "Quality,  Productivity  and  Competitive 
Position" : 

"The  benefits  of  better  quality  through 
improvement  of  the  process  are  not  just  better 
quality  and  the  long-range  improvement  of  market 
position  that  goes  along  with  it,  but  greater 
productivity  and  much  better  profit  as  well." 

(51:3) 


TQM  brings  together  both  the  contingency  end  systems 
concepts  of  organizational  management.  It  recognises  that 
every  organization  exists  in  a  unique  environment!  and  it 
attempts  to  view  the  organization  as  a  whole  greater  than 
the  sum  of  its  parts.  Productivity  may,  in  this  sense*  be 
thought  of  as  the  effectiveness  with  which  the  resource 
inputs  such  as  personnel,  materials,  machinery  and 
information  are  translated  into  customer  oriented  outputs. 
Today,  these  outputs  involve  all  the  relevant  marketing, 
engineering  and  service  activities  of  the  organization 
rather  than  just  the  activities  of  the  laborers  (52:389). 

The  output  of  service  organizations  is  a  level  of 
perceived  customer  satisfaction.  TQM  is  particularly  well 
suited  to  explain  and  enhance  this  output  because  quality  i 
a  determination  made  by  the  customer.  It  is  based  upon  the 
customers  experience  with  the  service  measured  against  his 
or  her  requirements  (52:6).  Whether  the  service  provided  i 
a  fast  meal,  electricity  or  national  defense,  the  customer 
is  the  one  who  measures  the  quality  of  output  and  who 
thereby  effects  the  organization’s  productivity. 

The  Theory  of  Constraints.  Another  emerging 
management  philosophy  in  America  industry  is  known  as  The 
Theory  of  Constraints  (TOC).  Initially  Implemented  in  the 
form  of  a  production  scheduling  software,  it  has  now 
developed  into  a  comprehensive  school  of  thought.  Dr. 
Eliyahu  Ooldratt  began  by  examining  jobs  scheduled  through 


the  manufacturing  process  while  considering  the  limitations 
of  facilities,  machines,  personnel  or  anything  that  caused  a 
system  to  fall  short  of  its  performance  objectives.  TOC 
tells  us  that  if  we  can  identify  the  system  constraint, 
learn  how  to  exploit  it,  and  then  subordinate  all  other 
activities  to  maximize  the  efficiency  of  the  constraint,  the 
system's  profit  earning  performance  will  increase 
dramatically  (51:120-132). 

TOC  was  developed  in  answer  to  the  major  problems 
facing  manufacturing  in  the  United  States.  Goldratt  boiled 
these  problems  down  to  the  general  failure  of  the 
traditional  cost  accounting  system  predominant  in  American 
industry  and  the  resulting  emphasis  on  efficiencies.  He 
believes  that  cost  accounting  as  a  performance  measure  is  no 
longer  valid  because  it  forces  managers  to  concentrate  on 
local  measures  such  as  machine  efficiency  or  direct  labor 
hours.  Therefore,  cost  accounting  deals  with  only  the  local 
expense  of  actions  and  not  the  impact  of  these  actions  on 
the  overall  organization  (53:37).  The  belief  has  always 
been  that  if  each  part  of  the  process  is  efficient,  the 
entire  process  will  be  effective. 

Goldratt  describes  the  problem  faced  by  industry  with 
an  illustration  known  as  "the  hockey  stick  phenomenon."  This 
phenomenon  is  a  result  of  organizations  rushing  to  meet 
quotas  at  the  end  of  a  time  period.  It  is  referred  to  as  a 
hockey  stick  because  the  production  process,  when  viewed 
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graphically,  look*  like  a  hockey  stick  with  a  flat  bottom 
and  rapidly  rising  handle.  The  cause  of  the  problea  is  that 
organisations  use  two  sets  of  measures.  As  seen  in  figure 
1,  at  the  start  of  the  period,  efficiencies  driven  by  cost 
accounting  policies  are  used  to  determine  how  well  standards 
are  being  maintained.  These  local  measurements  encourage 
releasing  large  amounts  of  material  to  minimise  process  set¬ 
ups  and  forcing  each  machine  to  reach  its  maximum 
efficiency.  As  the  period  continues,  the  organisation 
becomes  driven  by  another  system  of  performance  measurement: 
the  pressure  to  sell  products  becomes  the  overriding 
concern.  To  ensure  the  quotas  are  met  or  a  profit  is  shown, 
overtime  is  authorized,  employees  work  weekends  and  general 
panic,  takes  over  the  organization.  As  the  end  of  the  period 
passes,  the  cost  accounting  measures  come  back  into  use  and 
efficiencies  are  once  again  the  watchword  (54:34). 


OUTPUT 


QUARTER 

rigure  I  TKe  Hockey  Stick  Phenomenon 
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The  General  Theory  of  Constraints  suggests  that  each 
organization  must  define  its  goal  and  then  realise  that 
everything  contributing  to  the  goal  is  productivity  and 
everything  not  contributing  to  the  goal  is 
counterproductive.  According  to  Goldratt,  productivity  is 
all  the  actions  that  bring  a  company  closer  to  its  goals. 

He  goes  on  to  say  that  the  goal  of  any  firm  is  to  make  money 
(54:71-75)  . 

Productivity  is  frequently  viewed  as  a  measure  of 
output  per  labor  hour,  but  this  measurement  does  not  ensure 
the  organization  will  make  money.  For  example,  extra  output 
can  be  produced  and  not  sold,  making  this  output  excess 
inventory.  If  the  product  has  not  been  sold,  it  has  not 
made  any  money  for  the  organization  and,  may  in  fact  accrue 
additional  expenses.  Likewise,  if  each  machine  in  a  process 
is  producing  pieces  at  maximum  efficiency,  but  these  pieces 
do  not  come  together  as  a  product,  then  these  efficiencies 
do  not  translate  into  profit  (55:44-51). 

TOC  is  based  on  the  idea  that  to  adequately  measure  an 
organization's  performance,  the  evaluation  should  be  made 
from  a  financial  perspective  and  from  an  operational 
perspective.  » 

In  financial  terms,  organizations  keep  track  of  net 
profit,  return  on  investment  and  cash  flow.  Goldratt  ^ 

defines  each  of  these  measurements,  respectively,  as  an 
absolute  measurement  in  dollars,  a  relative  measure  based  on 
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investment  and  a  survival  measurement.  To  evaluate  an 
organization’s  performance,  all  three  of  these  measures 
should  be  used.  Viewing  only  one  or  two  without  the  others 
will  present  a  misleading  picture  of  the  organization's 
financial  health.  For  instance,  a  company  may  show  a  high 
net  profit  but  have  a  very  low  return  on  investment.  Net 
profit  and  ROI  may  be  high  and  the  company  could  still  go 
bankrupt  because  of  a  lack  of  cash  flow  to  pay  its  bills 
(55:54). 

Operational  measures  translate  financial  measurements 
into  ideas  that  can  be  easily  grasped  at  the  productive 
level.  It  is  not  an  easy  task  to  motivate  people  on  the 
shop  floor  by  selling  corporate  financial  goals. 

Recognizing  this,  the  TOC  has  defined  three  operational 
measures  which  serve  as  guidance  to  those  responsible  for  a 
firm's  performance.  Throughout  is  the  rate  at  which  money 
is  generated  by  the  system  through  sales.  Inventory  is  all 
the  money  that  the  system  has  invested  in  purchasing  things 
it  intends  to  sell.  Operating  expenses  include  all  the 
money  that  a  system  spends  to  turn  inventory  into 
throughput.  With  these  three  measurements,  a  company  can 
determine  how  well  it  is  meeting  its  goal.  The  operational 
goal  then  becomes  to  increase  throughput  while 
simultaneously  reducing  inventory  and  operating  expense 
(56:55,56). 
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The  critical  factor  in  the  Theory  of  Constraints  is  the 
absolute  importance  of  measuring  the  right  things. 
Organizational  effectiveness  is  the  dominant  measure  while 
efficiency  is  only  a  part  of  the  overall  picture.  The 
success  of  the  Japanese  can  be  attributed  to  their 
measurement  of  organisational  effectiveness  based  on  long¬ 
term  performance  and  not  short-term  financial  reports  or 
local  performance  measures. 

In  the  Toyota  Kanban  system,  the  performance  of  a 
worker  is  based  on  meeting  the  schedule  for  the  product  each 
day  and  maintaining  the  flow  of  material  as  opposed  to 
maximizing  the  number  of  parts  produced.  Worker  idle  time 
is  an  important  part  of  the  Kanban  system.  The  idle  time  of 
workers  provides  time  to  clean  work  areas,  conduct  training 
and  accomplish  preventive  maintenance.  The  Japanese 
recognize  that  the  importance  of  a  resource  should  be 
evaluated  based  on  the  system's  performance  and  not  local 
efficiencies  (57:56). 

The  success  of  Dr.  Ooldratt’s  theory  in  practice  offers 
strong  evidence  as  to  its  validity.  The  important  fact  to 
note  is  that,  like  the  Total  Quality  Management  theory  of  W. 
Edwards  Deming,  TOC  is  based  on  the  idea  of  continuing 
improvement.  It  is  not  simply  a  mechanical  formula  for 
success  in  manufacturing.  The  General  Theory  of  Constraints 
is  intuitive  and  applies  in  practice  to  any  business 
venture.  An  organization  must  know  its  goal  and  subordinate 


all  activities  to  that  goal.  The  greatest  challenge  say  be 
the  development  of  a  solid  performance  measurement  system. 
Efficiency  and  effectiveness  measures  for  an  organisation 
should  exhibit  a  direct  cause  and  effect  relationship*  not  a 
correlation  relationship.  Efficiencies  should  be  used  very 
cautiously  and  great  .  *  should  be  taken  when  identifying 
how  these  efficiencies  ect  the  productivity  of  the  firm 
(59:57). 

Chapter  Summary 

In  this  chapter,  we  have  examined  productivity  both 
conceptually  and  practically.  We  have  developed  a 
background  concerning  productivity  in  the  context  of 
history*  common  definitions  and  current  management  trends. 

We  have  seen  the  development  of  productivity  in  direct 
relation  to  changes  in  economies  and  political  structures. 
Each  step  through  history  has  added  to  the  complexity  of 
management  as  an  impetus  to  motivate  production.  History 
describes  a  five  thousand  year  series  of  swings  in  the 
productivity  pendulum — -always  seeking  a  balance  between  the 
inherent  right  of  the  individual  to  a  quality  life  and  the 
overpowering  momentum  of  progressive  economies. 

The  advances  of  science  and  technology  have  given  rise 
to  increasingly  complex  definitions  of  productivity.  We 
have  defined  productivity  in  the  view  of  the  accountant*  the 
engineer  and  the  manager.  Each  view  seeks  to  answer  the 
question*  "What  is  productivity?”  We  believe  that  once  we 
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answer  thia  question,  we  can  manipulate  it  to  our  advantage. 
Instead,  we  aea  that  the  definitiona  offered  by  different 
viewpointa  nay  conflict  and  can  aerve  to  confound  the  iaaue 
rather  than  clarify  it. 

Finally,  we  diacuaaed  the  management  tranda  in  American 
industry  and  how  they  are  changing  the  concept  of 
productivity  once  again.  Total  Quality  Management  and  the 
Theory  of  Conatrainta  are  philosophies  of  management  which 
go  back  to  the  basics  and  at  the  same  time  utilise  science 
and  technology.  Perhaps  together,  they  have  found  the 
balance  we  have  long  sought.  By  combining  statistical 
quality  control  and  capacity  planning  with  fundamental 
policies  concerning  goal  planning  and  quality  of  life,  we 
can  almost  begin  to  see  an  advantage  for  both  the  worker  and 
the  manager  without  extreme  sacrifice  for  either. 
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Having  established  a  national,  if  not  world  concarn  for 
productivity  growth  in  the  preceding  chapter,  thia 
literature  review  examines  the  federal  governaent'a  approach 
to  defining,  measuring  and  aanaging  productivity. 
Additionally,  productivity  reaearch  conducted  within  the  Air 
Force  and  apecifically  dealing  with  aircraft  maintenance  ia 
examined.  The  background  atudy,  accompliahed  in  Chapter  II, 
revealed  that  productivity  aa  a  management  concept  haa 
continually  changed  throughout  hiatory  and  that  it  can  be 
viewed  differently  depending  on  the  perapective  or  technical 
orientation  of  the  obaerver.  The  purpoae  of  thia  chapter  ia 
to  underatand  how  the  Department  of  Defenae  viewa 
productivity  and  how  it  tranalatea  thia  view  into  objectives 
to  be  accompliahed  by  military  organizationa.  The  review  of 
current  reaearch  literature  in  thia  area  eatabliahea 
reaearch  trenda  and  deacribea  the  attompta  to  apply  the 
reaearch  concluaiona  to  productivity  in  aircraft  maintenance 
unita . 

The  Executive  Order  for  productivity  improvement  and 
reaulting  Department  of  Defenae  directivea  are  firat 
reviewed  to  eatabliah  baaic  definitiona  and  guidelinea  fcr 
productivity  improvement.  Next,  the  Air  Force  Productivity 
Enhancement  Program,  governed  by  AFR  25*3,  ia  preaented. 
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This  shows  how  the  Air  Force  attempts  to  operationalise  the  * 

concepts  defined  by  the  higher  headquarter  agencies.  The 
Military  Airlift  Command  regulations  concerning  maintenance  a 

management  and  performance  standards  are  then  introduced  in 
order  to  exhibit  published  guidelines  for  managing 
productivity  in  an  aircraft  maintenance  environment. 

Finally,  a  summary  of  the  productivity  research  conducted  in 
the  Air  Force  is  reviewed.  Defense  Technical  Information 
Center  (DTIC)  annotated  bibliographies  and  individual 
studies  are  evaluated  to  determine  the  current  state  of 
research  in  this  area  and  to  emphasize  the  need  for  a 
specific  look  at  the  methods  used  to  manage  productivity  in 
Air  Force  aircraft  maintenance  units. 

This  review  focuses  on  the  relationship  between 
productivity  management  and  the  Department  of  Defense. 

Except  where  necessary,  specific  detail  has  been  omitted. 

The  larger  publications,  such  as  AFR  25-3  and  MACR  66-1  are 
generalized.  The  purpose  is  to  point  out  how  the  concern 
for  productivity  is  evident  in  a  military  environment  and 
how  that  concern  is  or  is  not  passed  on  to  the  aircraft 
maintenance  units  of  the  Military  Airlift  Command. 

* 

Productivity  in  the  Federal  Government 

In  February  1986,  President  Reagan  released  Executive  « 

Order  12552,  entitled,  Productivity  Improvement  Program  for 
the  Federal  Government.  The  purpose  of  this  order  is  to 


establish  a  government-wide  program  to  address  what  many  see 
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as  a  productivity  crisis  in  the  United  States.  L*bor  costs 
per  unit  of  output  end  the  Annuel  inf 1st ion  rste  since  i960 
hsve  risen  rspidly.  As  the  rste  of  incresse  in  money 
incone  exceeds  the  rste  of  gsin  in  worker  productivity!  the 
resulting  rise  in  lebor  costs  essentielly  reduces  the  number 
of  items  thet  cen  be  produced.  (59:655)  Becsuse  of  the 
unique  role  of  the  federsl  government  in  the  netionel 
economy,  it  is  criticsl  thst  federsl  Agencies  be  mindful  of 
this  crisis  snd  lead  Americsn  industry  in  the  pursuit  of 
productivity  snd  economic  growth  (60:165). 

Since  the  sdministrstion  of  President  Frsnklin 
Roosevelt,  the  federsl  government  hss  become  s  msjor  factor 
in  the  national  economy.  Use  of  federal  tax  revenues  to 
fund  government  services  is  common  practice.  Some 
economists  argue  that  government  injection  of  capital  into 
the  economy  is  the  only  way  the  nation  has  been  able  to 
maintain  economic  growth  (59:268-270).  These  same 
economists  feel  that  the  only  sure  method  for  overcoming  the 
current  federal  budget  deficit  is  to  increase  the  nation's 
productivity.  The  methods  proposed  for  doing  this  differ 
greatly,  but  the  important  fact  to  note  is  that  the  federal 
«  government  is  seemingly  seeking  to  take  the  lead  in  this 

endeavor. 

r  "The  goal  of  the  program  shall  be  to  improve  the 

quality  and  timeliness  of  service  to  the  public,  and  to 
achieve  a  20  percent  productivity  increase  in 
appropriate  functions  by  1992."  (6:1) 
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Productivity  ia  defined,  in  this  order,  as  the 
efficiency  with  which  resources  are  used  to  produce  a 
government  service  or  products  at  specified  levels  of 
quality  and  timeliness#  (6:1)  The  order  proceeds  in  very 
general  terms  to  define  services,  measurement  systems  and 
performance  standards.  The  complete  executive  order  can  be 
viewed  as  a  source  document  in  Appendix  A.  The  important 
fact  to  be  gained  for  this  review  is  that  this  order  gives 
no  specific  guidance  for  measuring  and  reporting  an 
organization's  productivity.  Each  federal  agency  must 
define  its  function  as  related  to  the  entire  federal  system 
and  establish  its  own  measurement  and  reporting  criteria. 

One  must  then  wonder  how,  if  each  agency  is  allowed  to 
measure  productivity  differently,  the  resulting  improvement 
can  be  monitored  at  the  federal  level.  Will  the  combined 
improvement  contribute  a  similar  increase  in  national 
productivity?  If  so,  how  is  this  to  be  measured? 

In  terms  of  the  national  economy,  productivity  is 
synonymous  with  "labor  productivity."  Labor  productivity  is 
measured  in  terms  of  worker  output  and  is  reported  by  the 
Bureau  of  Labor  Statistics.  It  measures,  on  the  average, 
what  a  worker  produces  per  hour  of  work  and  is  considered  to 
be  a  good  indicator  of  the  trend  in  the  growth  rate  for  the 
nation's  standard  of  living.  (60:23)  Next,  we  will  review 
the  Department  of  Defense  directives  which  establish  the 
policy  for  DOD  productivity  measurement  and  we  will  see  how 
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subordinate  functions  are  to  report  productivity  data  to  the 
Secretary  of  Defense  and  then  to  the  Bureau  of  Labor 
Statistics . 


Productivity  in  the  DoD 

The  Departaent  of  Defense  is  responsible  for  providing 
the  military  forces  needed  to  deter  war  and  protect  the 
security  of  our  country.  Bach  military  department  is 
organized  separately  under  a  civilian  secretary  and 
functions  under  the  directionf  authority  and  control  of  the 
Secretary  of  Defense.  The  secretary  of  a  military 
department  is  responsible  for  efficient  operation  of  the 
functions  performed  within  the  department  and  as  they  relate 
to  the  entire  DoD  (61:174). 

DoD  directive  5010.31,  DoD  Productivity  Program, 
establishes  policy,  applicability  and  scope  for  fulfilling 
the  requirement  of  the  President's  productivity  program.  It 
applies  to  all  DoD  components,  but  is  specifically  addressed 
to  the  support  functions  of  these  organizations.  In 
essence,  the  policy  is  meant  to  focus  management  attention 
on  increasing  defense  outputs  in  keeping  with  the  defense 
preparedness  mission  (62:1).  The  program  is  established  as 
a  labor  oriented  program  and  is,  therefore,  focused  on  labor 
cost  savings  as  well  as  reduction  in  unit  cost  of 
operations.  It  directs  the  establishment  of  productivity 
goals  and  a  planned  approach  to  productivity  enhancement. 
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As  part  of  the  planned  approach,  the  program  emphasises  work 
measurement  and  statistical  methods  to  measure  workforce 
efficiency.  It  also  suggests  an  aggressive  and  cohesive 
program  to  improve  workforce  motivation  and  the  quality  of 
working  life  (62:2). 

Overall  responsibility  for  the  program  is  assigned  to 
the  Assistant  Secretary  of  Defense  (Manpower,  Reserve 
Affairs,  and  Logistics).  Additionally,  the  Assistant 
Secretary  of  Defense  (Comptroller)  is  assigned  the 
responsibility  to  ensure  that  productivity  efforts  are 
integrated  into  DoD  resource  management  systems.  These 
responsibilities,  at  both  levels,  are  carried  out  by  the 
issuance  of  further  policy  guidelines  and  more  detailed 
definitions  of  terms  (62:34).  At  this  point,  the  number  of 
DoD  directives  affecting  the  productivity  program  grows 
rapidly.  Rather  than  attempt  to  review  each  one,  we  will 
remain  fixed  on  the  basic  purpose  which,  at  this  point,  is 
to  show  how  the  productivity  program  translates  into 
measurement  criteria  and  how  the  program  continued  down 
through  the  Department  of  the  Air  Force. 

DoD  Directive  5010.32  is  the  Productivity  Enhancement. 
Measurement,  and  Evaluation,  Operating  Guideline  and 
Reporting  Instruction.  It  is  a  general  guideline  and  like 
5010.31  applies  to  all  DoD  components.  This  instruction, 
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however,  specifies  the  goals,  general  guidelines  and 
reporting  requirements  for  the  head  of  each  coaponent 
(63:1-4). 

The  establishment  of  annual  productivity  improvement 
goals  consistent  with  DoD  planning  and  programming 
guidelines,  and  the  subdivision  of  these  goals  by  major 
Command  prior  to  the  beginning  of  each  fiscal  year  are  the 
basic  goals  for  each  department  head.  Additionally,  each 
component  must  implement  a  program  which  addresses  specific 
minimum  provisions  (63:2).  The  following  is  a  summary  of 
these  provisions: 

A.  Priority  emphasis  on  productivity  enhancement 
at  all  echelons. 

B.  Maximum  use  of  existing  resource  system  in 
productivity  measurement  and  evaluation. 

C.  Systematic  reviews  of  major  functions  to 
effect  methods  improvement  and  appropriate  use  of 
labor  performance  standards  where  used. 

D.  Effective  capital  investment  planning. 

E.  Development  and  appropriate  use  of 
productivity  evaluation  indicators. 

P.  Accumulation  of  productivity  data  by  major 
commands  and  operating  agencies. 

0.  Utilisation  of  productivity  and  performance 
data  in  the  development  of  requirements  and 
allocations  of  manpower  and  fund  resources. 

H.  Optimum  effective  use  of  standard  time  data  in 
the  development  and  updating  of  labor  performance 
standards . 

I.  Adequate  staffing  and  training  of  personnel  to 
sustain  a  viable  Productivity  Program. 
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J.  Periodic  field  reviews  to  assess  program 

effectiveness. 

K.  Productivity  measurement  and  evaluation. 

(63:3) 

Although  the  directive  provides  more  specific 
guidance  than  seen  before,  it  is  clear  that  each  component 
maintains  a  basic  autonomy  when  establishing  measurement 
criteria.  Enclosures  and  additions  to  the  directive  provide 
explanations  for  the  provisions  listed  above.  They  address 
prou.'ctivity  measurement  and  evaluation,  fast  payback 
capital  investment  opportunities,  definitions  of  terms,  and 
reporting  procedures.  Of  these,  the  information  important 
to  this  review  is  that  addressing  measurement,  evaluation 
and  reporting. 

Enclosure  #3  of  5010.34  structures  the  measurement  and 
evaluation  of  productivity  by  major  program  or  functional 
area  to  disclose  trends  on  a  year-to-year  basis.  This 
requires  the  establishment  and  use  of  summary  level 
indicators  intended  to  represent  true  measures  of  the 
primary  mission  of  each  functional  area.  The  data  needed  to 
accomplish  measurement  and  evaluation  is  to  be  gathered  from 
existing  data  systems  or  the  modification  of  existing 
systems  (63:3,4). 

Section  VI  of  enclosure  three  lists  functions  and 
suggested  indicators  for  measurement  and  evaluation.  The 
following  is  an  excerpt  from  this  section  pertaining  to 


maintenance : 


No. 
E.  11 


iIivITTTm  \ 


* 
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Indicator! 


be  Maintenance j 


This  area  covers  personnel  engaged 
in  maintenance  and  repair  of  equip* 
sent  at  installation  level. 


Number  of  end 
items  processed 


E.12  Depot  Maintenance  Activities  Number  of  end 

This  area  covers  personnel  engaged  items  processed 
in  depot  level  maintenance  and 
repair  of  equipment.  (63:48) 

This  by  no  means  limits  maintenance  organisations  to  this 
indicator  nor  does  it  list  all  types  of  maintenance 
activities.  However,  the  list  continues  the  objective  of 
the  program  to  measure  labor  productivity  at  a  minimum.  The 
reporting  guidelines  in  Enclosure  #4  continue  on  this  basic 
objective.  The  forms  used  to  report  productivity  data  to  the 
Bureau  of  Labor  Statistics  is  sectioned  into  input/output 
figures  and  man-year  summaries  for  each  component.  Samples 
of  report  forms  and  definitions  of  terms  used  in  this 
directive  are  exhibited  in  Appendix  B. 

The  DoD  Directives  addressing  productivity  are  very 
general  and  deal  mainly  with  labor  efficiency.  The  purpose 
is  to  manage  labor  resources  within  DoD  components  to  meet 
the  national  productivity  objectives.  However,  in 
establishing  the  guidelines  for  the  component  agencies  the 
productivity  picture  rapidly  expands  to  include  resources 
other  than  labor.  Each  component  must  build  upon  the 
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rudimentary  guidelines  of  the  directives  to  establish  more 

> 

specific  productivity  programs  while  seeking  to  remain 
consistent  with  the  national  goal.  The  Air  Force’s 

a 

Productivity  Improvement  Program  is  one  attempt  to  do  this. 

Productivity  in  the  Air  Force 

Air  Force  Regulation  25-3,  Air  Force  Productivity 
Improvement  Program  (PIP),  provides  the  framework  for 
focusing  and  coordinating  all  productivity  related  programs 
in  the  Department  of  the  Air  Force.  It  applies  to  all  Air 
Force  units  and  activities  including  Air  Force  Reserve  and 
Air  National  Guard  and  is  intended  to  implement  DoD 
Directive  5010.31  and  DoD  Instruction  5010.32  (7:1). 

The  regulation  defines  productivity  as  a  measure  of  an 
organization's  performance  and  includes  both  efficiency  and 
effectiveness. 

"Productivity  is  doing  things  right  (efficiency)  and 
doing  the  right  things  (effectiveness).”  (7:4) 

The  program  objectives  are  to  establish  productivity 

awareness  and  promote  the  use  of  productivity  planning, 

improvement,  research,  recognition  and  workforce  motivation 

programs.  Additionally,  the  program  seeks  to  improve 

> 

organizational  effectiveness  and  efficiency  and  maintain  a 
measurement  system  to  evaluate  performance  (7:4). 

f 

Policy  goals  focus  on  total  factor  productivity 
improvement.  The  regulation  reflects  the  recognition  by  the 
Air  Force  of  the  importance  of  monitoring  labor 
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productivity,  but  includes  other  factors  such  as  equipment, 
process,  energy,  materials  and  facilities.  The  policy  is  to 
direct  consideration  of  these  factors  toward  supplementation 
of  the  existing  planning,  programming  and  budgeting  system. 
Employing  approved  cost  factors  and  data  gathered  by 
accepted  work  measurement  methods  makes  it  easier  to  defend 
requirements  during  Program  Objective  Memorandum  (POM)  and 
budget  reviews.  The  use  of  existing  management  structures 
and  the  involvement  of  personnel  are  emphasized  for 
productivity  improvement.  The  regulation  establishes  as 
policy,  avoidance  of  arbitrary  reduction  in  resources, 
claiming  that  any  reduction  in  resources  should  be 
accompanied  by  either  a  corresponding  decrease  in  workload 
or  a  more  efficient  means  of  workload  accomplishment 
(7:4,5). 

Responsibility  for  implementation  of  APR  25-3  is 
assigned  to  various  offices  at  Air  Staff  and  Major  Command 
level.  The  Director  of  Maintenance  and  Supply  is  simply 
tasked  to  provide  functional  assistance  for  Productivity 
Enhancing  Capital  Investment  Programs  (PECI).  Major 
commands  are  to  appoint  a  productivity  principle  to  serve  as 
«  a  focal  point  for  productivity,  take  part  in  PECI  programs, 

implement  a  Productivity  Improvement  Program  and  identify 
,  the  productivity  impact  for  submitted  initiatives. 

Procedures  for  accomplishing  these  tasks  are  described  in 
other  chapters  of  the  regulation.  Rather  than  examine  these 
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in  detail,  we  will  look  first  st  guidelines  for  productivity 

measurement  and  then  at  how  the  Air  Force  provides  input  to  * 

the  Federal  Productivity  Measurement  Project. 

Chapter  2  of  AFR  25-3  outlines  PIP  guidelines.  The  4 

purpose  of  this  chapter  is  to  assist  organisations  in 

establishing  and  implementing  PIP  programs.  This  is  the 

only  direct  reference  to  productivity  measurement  in  the 

regulation.  Here,  organisations  are  encouraged  to  develop 

procedures  for  collecting  and  analyzing  productivity  data, 

but  only  in  very  general  terms.  It  encourages  micro  and 

macro  measurement  systems  which  make  effective  use  of 

available  data  and  are  simple  in  structure.  (7:10) 

"The  particular  measurement  system  selected  depends  on 
the  scope  and  depth  of  the  productivity  effort  being 
measured  and  the  specific  needs  of  management."  (7:10) 

At  this  point  we  see  that  the  major  commands  are  still  left 

much  to  their  own  devices  for  effecting  measurement  and 

evaluation  programs. 

The  Air  Force  does  have  a  role  in  the  annual 
measurement  of  federal  productivity  as  outlined  in  DoD 
Instruction  5010.34.  Chapter  5  of  AFR  25-3  describes  this 
role  and  provides  instruction  for  the  Air  Force  Functional 
Offices  of  Primary  Responsibility  (OPR).  The  Air  Staff  k 

productivity  office  provides  data  to  the  Bureau  of  Labor 
Statistics  concerning  trends  in  labor  productivity  for  the 
public.  Functional  OPR's  must  report  input/output  data  and 
man-year  summaries  to  Air  Staff  which  verifies  the 
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information,  compile*  it  and  submits  it  to  the  Bureau  of 
Labor  Statistics  (7:31).  The  only  OPR  related  to  aircraft 
maintenance  required  to  report  as  part  of  this  program  is 
the  Depot  Maintenance  function  at  Headquarters,  Air  Force 
Logistics  Command  (7:60). 

MAC  Regulation  173-1  provides  guidelines  for  the 
establishment  of  management  performance  standards.  The 
objective  of  the  MAC  Management  System  as  outlined  by  this 
regulation  is  to  improve  the  Command**  performance  and 
effectiveness  by  identifying  and  resolving  potential 
problems  and  encouraging  corrective  actioi  .  The 
responsibility  for  this  program  is  given  to  the 
DCS/Comptroller  and  to  the  cost  function  at  each  level  of 
management  (65:1). 

The  performance  standards  are  developed  and  monitored 
by  the  MAC  Performance  Standards  Committee.  This  committee 
consists  of  representatives  from  each  directorate  at  the 
Headquarters  level.  They  review  all  standards  annually  and 
request  data  necessary  to  develop  new  standards.  The 
published  standards  which  apply  to  the  aircraft  maintenance 
field  are: 

1)  Home  Station  Launch  Reliability 

2)  Enroute  Launch  Reliability 

3)  Aircraft  Mission  Capable  Goals  (66:5-13) 

For  a  detailed  look  at  these  standards  and  how  they  are 
derived,  see  Appendix  C.  As  stated  earlier  in  this  section, 
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a  cohesive  program  for  managing  productivity  information  la 

* 

not  maintained  at  the  Major  Command  level  in  the  Air  Force. 

MAC  looks  at  productivity  in  various  ways  and  includes 
productivity  in  the  general  "performance  indicator"  grouping 
(66:1). 

There  are  three  separate  directorates  at  the 
headquarters  MAC  level  which  yield  productivity  information) 
and  each  one  views  productivity  in  a  different  way.  The 
Programs  and  Resources  Directorate  is  concerned  with 
manpower  and  quality  of  life  issues.  It  is  in  this 
directorate  that  the  MAC  Productivity  Division  is  located. 

The  MAC  Comptroller  views  productivity  issues  in  strict 
terms  of  cost  accounting  and  measures  it  in  terms  of  the 
efficient  use  of  funds.  The  Logistics  Directorate)  of  which 
aircraft  maintenance  is  a  large  part*  views  productivity  in 
terms  of  providing  weapon  systems  in  support  of  the  airlift 
mission.  Effective  use  of  logistics  resources  is  their 
major  concern  (66:1). 

It  is  at  this  point  that  the  Productivity  Program  for 
the  DOD  has  the  potential  to  loose  cohesion.  As  the  program 
is  tracked  to  the  major  command  level)  the  MAC  supplement  to 
AFR  25-3  is  less  than  one  half  page  in  length  and  refers  k 

only  to  item  additions  to  the  basic  regulation.  There  is  no 
consolidated  program  for  productivity  in  MAC  and  the  MAC  # 

productivity  office  in  the  Management  Engineering  Division 


60 


is  concerned  only  with  Fast  Psybsck  Capital  Investment 
(FASCAP)  and  the  suggestion  program.  (66:2) 

Ceneral  H.  T.  Johnson,  the  Commander  in  Chief  of  MAC 
has  recognised  the  need  for  a  single  channel  of  information 
concerning  productivity  and  has  tasked  LTC  Hayden  of  the 
Policy  and  Doctrine  division  to  establish  a  Total  Quality 
Management  (TQM)  office  for  this  purpose.  LTC  Hayden 
envisions  the  TQM  program,  Action  Eagle,  as  an  umbrella  for 
all  productivity  programs.  Its  purpose  is  to  establish  an 
audit  trail  for  productivity  initiatives  and  bring  them  all 
together  under  the  general  measure  of  customer  satisfaction 
(67:1). 

Productivity  in  MAG.  Maintenance 

"MAC  Regulation  66-1,  Volumes  I  -  VI  set  up  the 
maintenance  management  system  for  all  MAC  activities  which 
perform  on*  equipmentand  of f -equipment  maintenance  of 
aircraft  and  aircraft  support  equipment.  Together,  they 
provide  the  Wing  level  guidance  to  maintenance  managers  and 
their  staffs  for  directing  and  controlling  subordinate 
maintenance  activities  in  compliance  with  command 
maintenance  policies  and  operating  instructions  (68:1) 
Duties  and  responsibilities  for  all  managers  and  guidelines 
for  all  workcenters  are  contained  in  these  volumes.  Volume 
II  deals  specifically  with  maintenance  management  and  the 
Deputy  Commander  for  Maintenance  (DCM)  (68:2). 
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PCM  The  MAC  DCM  has  the  overall  responsibility  for 

* 

planning!  scheduling!  directing  and  controlling  the 
maintenance  function  for  a  given  Wing.  Authority  for 
achieving  this  responsibility  is  delegated  to  squadron 
commanders  and  various  staff  functions.  Productivity 
planning  and  measurement  take  place  at  each  of  these  levels 
for  the  purpose  of  meeting  mission  objectives.  However ,  the 
DCM  staff  functions  of  Plans  and  Scheduling  (P  A  S),  Quality 
Assurance  (QA)  and  Management  Information  Systems  and 
Analysis  (MIS  &  A)  have  the  responsibility  to  report  to  the 
DCM  concerning  the  ability  of  the  maintenance  organizations 
to  meet  mission  requirements  within  specified  limits  of 
quality  and  timeliness  (68:1~106). 

PAS  Plans  and  Scheduling  is  the  DCM  staff  function 
tasked  with  representing  the  DCM  in  negotiations  with  the 
operations  scheduling  function  to  produce  a  flying  and 
maintenance  schedule  which  makes  the  most  efficient  use  of 
resources  (68:20).  The  operational  planning  cycle  is 
accomplished  through  a  series  of  scheduling  meetings  where 
the  requirements  of  the  operational  mission  are  reconciled 
with  scheduled  and  unscheduled  maintenance  to  be 

accomplished.  » 

Planning  begins  with  a  comparison  of  the  unit’s 
quarterly  flying  hour  allocation  against  the  projected  # 

airframe  availability.  The  quarterly  projection  is  then 
broken  down  into  monthly  planning  schedules  which  reconcile 
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the  maintenance  capabilities  to  known  operational 
requirements.  Weekly  meetings  are  held  by  maintenance  and 
operations  to  review  the  past  week's  accomplishments  and 
refine  the  coming  week's  schedule. 

Additionally f  maintenance  must  plan  long-range  to 
ensure  the  proper  and  effective  use  of  maintenance  resources 
(68:20).  The  Maintenance  Planning  Cycle  considers  the 
planning  and  support  of  mission  requirements ,  particularly 
the  availability  and  serviceability  of  facilities)  tools  and 
equipment,  and  material.  Long-range  planning  is  needed  to 
support  future  requirements  such  as  Programmed  Depot 
Maintenance  (PDM)  schedules.  Time  Compliance  Technical 
Orders  (TCTO),  Quality  Assurance  activities  and  scheduled 
exercises  (68:20). 

Plans  and  Scheduling  maps  out  the  function  of  the 
maintenance  complex  for  a  given  period  of  time.  Production 
planning  starts  here,  but  it  must  be  tracked  and  evaluated 
and  compared  to  some  standard  before  it  translates  into  a 
performance  indicator  such  as  productivity  (68:21). 

MIS  A  A  This  function  provides  information  to  the  DCM 
to  evaluate  how  well  the  unit  is  meeting  its  requirements 
»  for  flying  and  maintenance.  The  information  gathered  from 

data  systems  within  the  maintenance  complex  is  analyzed  to 
,  yield  answers  to  questions  posed  by  maintenance  managers 

such  as: 
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A.  Were  operation*  requirement*  realistic? 

B.  What  were  the  cause*  of  deviations  from  the 
operational  and/or  maintenance  schedule? 

C.  Are  particular  systems  or  equipment  items 
negatively  impacting  performance  goals? 

D.  Are  enough  qualified  maintenance  personnel 
available  to  meet  mission  requirements?  (68:106) 

"The  analysis  process  is  defined  as  the  methodical 
conversion  of  raw  data  into  a  fora  useful  for 
managerial  control.  It  begins  when  the  data  are  first 
assembled  and  ends  when  they  are  applied  for  decision 
making  or  control."  (68:106) 

The  overall  objective  is  to  provide  information  which  will 
be  used  by  maintenance  managers  to  improve  the  maintenance 
operation.  This  is  accomplished  by  viewing  maintenance 
management  reports ,  looking  for  trends  and  managing  the 
information  systems  (68:80). 

The  information  analyzed  by  MIS  k  A  can  be  reported 
individually  to  concerned  supervisors  or  directly  to  the 
DCM.  MAC  Reg  66-1  requires  the  MIS  k  A  section  to  publish  a 
maintenance  digest  which  summarizes  the  performance  of  the 
maintenance  complex  for  the  preceding  month.  Again«  the 
overall  objective  is  to  improve  the  maintenance  operation  by 
analyzing  maintenance  data  (68:83). 

Each  unit  must  publish  a  maintenance  digest  each  month 
and  send  a  copy  to  the  MIS  k  A  office  of  the  Logistics 
Maintenance  Management  Division  at  Headquarters  MAC.  At  a 
minimum  the  digest  must  have  the  following  information: 

1.  Home  Station  Air  Abort  Rate 

2.  Labor  Hour/Flying  Hour 
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3.  Base  Self-Sufficiency  Capability 

4 .  Top  Ten  Man-Hour  Consumers 

5.  Top  Ten  Failures  by  Work  Unit  Code 

6.  Delayed  Discrepancies/Average  Possessed  Aircraft 

7.  Cannibalization/Departure  Rate  (68:83) 

Attachment  #1  of  MAC  Reg  66-1  Volume  II  contains  the 
formulas  required  to  compute  these  measurements  and  others 
which  may  assist  maintenance  management  in  evaluating 
performance.  Of  these •  only  one  refers  directly  to 
productivity.  Productivity  as  defined  by  this  formula 
measures  the  man  hours  documented  in  the  Maintenance  Data 
Collection  System  against  the  total  available  time  to 
perform  maintenance.  For  this  formula  and  the  others 
suggested  for  use  by  Attachment  #1,  see  Appendix  C. 

QA  The  quality  of  maintenance  is  the  concern  of  every 
individual  working  in  the  maintenance  complex.  The  DCM 
tasks  the  Quality  Assurance  staff  function  with  the 
responsibility  of  assessing  equipment  condition  and 
personnel  proficiency.  This  is  accomplished  through  the 
Wing  Quality  Assurance  Program  (QAP)  (68:62,64). 

The  QAP  provides  information  to  the  DCM  based  on 
samples  of  unit  equipment  and  personnel  performance  gathered 
by  the  inspection  process.  QA  performs  Quality  Verification 
Inspections  (QV1),  Support  Equipment  Technical  Inspections 
(SETI),  Special  Inspections  (SI),  document  file  inspections 
for  aircraft,  acceptance  inspections  for  depot  returns  and 
personnel  observations.  Together  these  inspections  and 
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their  evaluation  provide  a  general  view  of  the  quality  of 
maintenance  performed  by  a  unit. 

QA  is  the  primary  technical  advisor  in  a  maintenance 
unit  and  it  assists  unit  workcenters  in  the  resolution  of 
quality  problems.  It  also  assists  the  MIS  4  A  section  in 
developing  a  monthly  condition  summary.  The  summary 
includes  trend  analysis  of  inspections  and  personnel 
evaluations,  a  synopsis  of  inspection  performance  and 
Detected  Safety  Violations  (DSV)  by  workcenter,  and 
recommended  corrective  action  (68:83). 

QA  is  an  important  function  in  the  management  of  a 
maintenance  unit.  The  level  of  quality  maintained  in  an 
organization  reflects  directly  in  its  ability  to  produce 
(51:21).  MAC's  concern  for  quality  is  obvious  in  the 
emphasis  which  is  placed  on  evaluating  performance  at  the 
unit  level,  but  for  the  most  part,  the  quality  information 
is  not  passed  on  to  the  Major  Command.  The  information  is 
routed  to  the  Wing  commander  at  the  discretion  of  tnu  DCM 
(£8:62-71). 

Previous  Research 

The  Defense  community  has  been  studying  productivity 
concepts  and  seeking  to  improve  productivity  performance  for 
some  time.  Since  the  subject  is  included  in  many  different 
fields  of  study,  productivity  related  literature  is  found  in 
many  disciplines  including  engineering,  accounting, 
economics,  psychology,  operations  research  and  management. 
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Additionally,  research  has  been  conducted  in  many  different 
types  of  organisations  and  at  different  organisational 
levels.  There  are  studies  of  productivity  at  the  DOD  level 
as  well  as  at  the  Major  Command  level.  Large  groups  have 
been  studied  as  have  individuals  and  small  working  groups 
(69:68~80).  Productivity  improvement  methods  are  usually 
tailored  to  meet  the  needs  of  specific  functional  areas  or 
individual  organisations.  Those  interested  in  productivity 
improvement  must  find  the  information  for  their  particular 
problem  from  among  hundreds  of  studies.  For  this  reason, 
this  review  will  be  limited  to  the  literature  pertaining 
directly  to  productivity  management  in  aircraft  maintenance 
units. 

Measurement  Methods  Productivity  measurement  has  been 
approached  in  a  number  of  ways.  Some  attempts  to  measure 
productivity  in  aircraft  maintenance  units  have  been 
constructed  around  multivariate  effectiveness  models.  This 
approach  to  the  study  of  organizational  effectiveness 
attempts  to  build  models  which  focus  on  relationships 
between  important  variables  as  they  jointly  influence 
organizational  success.  Such  integrative  models  are 
generally  comprehensive  and  attempt  to  account  for  a  larger 
proportion  of  the  variance  in  effectiveness.  Additionally, 
they  typically  hypothesize  how  the  variables  under  study 
relate  to  one  another  (69:73). 


Macro  Measurement  In  a  study  contracted  by  the  Office 
of  Naval  Research  in  1975 ,  17  multivariate  models  of 
organisational  effectiveness  were  reviewed  (70:10-13).  The 
models  were  evaluated  in  terms  of  their  basic  evaluation  6 

criteria!  their  normative  or  descriptive  nature, 
generalizability  and  derivation.  Aircraft  maintenance  units 
were  among  the  organisations  to  which  the  models  were 
applied.  Of  the  problems  noted  with  this  approach,  the  most 
significant  were  related  to  the  overall  relevance  of  the 
findings  and  the  level  of  analysis  performed. 

The  questions  asked  by  the  researchers  were,  "Do  the 
models  enhance  the  understanding  of  the  daily  activities  of 
organizations"  and  "do  they  enable  managers  to  make 
predictions  which  may  affect  productivity?"  The  study 
concluded  that  if  such  models  do  not  contribute  to  the 
understanding  of  organizational  structures,  processes  or 
behavior,  they  are  of  little  value.  Those  considered  to  be 
most  useful  examined  relationships  between  important 
variables  within  a  systems  framework  capable  of  enhancing 
the  understanding  of  organizational  dynamics  (70:13,14). 

The  study  also  noted  that  among  models  little 
integration  was  made  between  macro  and  micro  models  of  » 

performance  and  effectiveness.  For  example,  a  study  may 
concentrate  on  organizational  models  or  human  factors  within  „ 
an  organization,  but  seldom  are  the  two  levels  examined  as 
they  contribute  to  another.  Most  models  dealt  exclusively 
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on  the  nacro  level*  ignoring  the  relationships  among 
individual  measures  and  productivity.  The  authors 
considered  it  of  paramount  importance  to  be  able  to  tell 
managers  in  specific  terms  how  they  can  improve  their 
organization's  effectiveness*  thereby  improving 
productivity.  They  felt  the  ability  to  make  meaningful 
recommendations  was  not  improved  by  looking  at  only  the 
overview  (70:14). 

Suggestions  for  future  work  focused  on  the  examination 
of  operative  goals.  This  involves  identifying  the  intended 
goals  of  the  organization  as  opposed  to  its  "official  goals” 
and  then  measuring  the  degree  to  which  the  intended  goals 
are  being  achieved.  The  contention  is  that  such  an  approach 
reduces  reliance  on  value  premises  about  what  an 
organization  should  be  doing  and  relies  instead  on  what  it 
is  actually  trying  to  do  (70:15).  The  challenge*  of  course, 
is  to  identify  the  measures  of  goal  achievement  in 
quantitative  terms. 

Selection  of  the  most  significant  variables  from  among 
the  countless  inputs  into  a  productivity  model  is  a  problem 
addressed  by  a  large  body  of  research.  Between  1972  and 
1980*  the  Air  Force  Human  Resources  Laboratory  either 
contracted  or  participated  in  approximately  120  studies 
dealing  with  productivity  measurement.  From  those  reviewed 
for  this  research*  the  majority  were  concerned  with 
identifying  valid  measures  to  be  evaluated.  One  such  study 
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conducted  by  Arizona  State  University  dealt  specifically 
with  Air  Force  maintenance  organizations  (69:65-109).  Of 
the  studies  reviewed ,  none  dealt  with  analyzing  current 
productivity  measurement  methodology  in  the  aircraft 
maintenance  environment.  Instead ,  the  studies  concentrated 
on  establishing  new  measurement  methods. 

Micro-Measurement  The  Arizona  State  University 
Department  of  Industrial  Management  Systems  Engineering  was 
contracted  by  the  Air  Force  in  1980  to  develop  a  planning 
model  for  Air  Force  Maintenance  Organizations.  Performance 
prediction  equations  for  maintenance  squadrons  were 
generated  using  stepwise,  multiple  regression  analysis. 

Three  independent  survey  instruments  were  administered  to 
samples  of  up  to  180  maintenance  technicians  for  the  purpose 
of  identifying  dependent  and  independent  variables  to  be 
used  in  the  model  development.  Two  basic  variables  were 
identified  as  model  outputs;  technician  performance  rate 
(speed  of  work)  and  performance  quality.  The  models 
integrated  48  predictor  variables  related  to  performance, 
organizational  structure,  Job  tasks  and  personal 
characteristics.  The  resulting  models  provided  predictions 
of  squadron  performance  while  emphasizing  the  significant 
factors  which  contributed  to  maintenance  effectiveness 
(71:15-35).  The  study  concentrated  on  the  micro  view  of 
productivity  as  seen  by  the  technicians  involved  in  the 
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daily  maintenance  activities.  The  view  of  the  wing  and 

% 

command  level  managers  were  not  considered  in  this  research 
(71:45). 

4 

Integration  In  October  1980»  the  Air  Force  Human 
Resources  Laboratory  released  a  study  by  the  Maryland  Center 
for  Productivity  and  Quality  of  Working  Life  which 
identified  productivity  measures  at  both  the  organisational 
and  individual  level.  The  object-  of  the  study  were  to: 
clarify  the  meaning  of  productivity  as  it  applies  to  Air 
Force  Organisations!  describe  and  critique  different 
productivity  measurement  methods ,  and  to  describe  a 
pi  cedure  for  generating  productivity  measures  in  Air  Force 
Organisations. 

.The  study  resulted  in  several  conclusions  significant 
to  productivity  measurement  in  aircraft  maintenance  units. 
Among  these  was  the  assertion  that  an  organisational 
productivity  measurement  plan  should  include  multiple 
measures  of  both  efficiency  and  effectiveness. 

Additionally!  efficiency  and  effectiveness  measures  should 
be  developed  for  the  key  facets  of  mission  performance. 
Recognising  the  unlimited  numbor  of  possible  productivity 
*  measures!  the  study  suggested  care  should  be  given  to  the 

s* lection  of  those  measures  which  are  Judged  to  be  most 
«  useful  to  s  particular  organisation  (5:76-82).  In  keeping 

with  the  research  objectives!  the  study  developed  s 
methodology  for  generating  productivity  indicators.  The 
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results  were  incorporated  into  future  studies  and  have  been 
applied  in  various  foraa  at  Air  Force  organisations. 

However,  the  study  did  not  address  the  usefulness  of 

* 

existing  measures  of  productivity  as  they  relate  to  desired 
productivity  improvement. 

Application  In  1987  the  University  of  Houston's 
Department  of  Psychology  and  Institute  for  Organizational 
Behavior  Research  conducted  a  field  study  using  many  of  the 
precepts  defined  by  earlier  work  (5:19-43).  Robert 
Pritchard  led  a  research  team  in  developing  a  productivity 
measurement  system  to  be  tested  at  five  operational  units 
in  the  aircraft  maintenance  and  supply  functions  of  an  Air 
Force  base.  The  productivity  measures  derived  from  the 
system  were  used  as  a  basis  for  feedback  to  the  units.  The 
feedback  was  presented  to  each  unit  and  used  for  the  purpose 
of  setting  goals  and  defining  incentives  (72:35-41). 

Results  proved  to  be  an  effective  way  to  measure  and  improve 
productivity.  The  study  concluded  that  feedback  increased 
productivity  substantially  and  that  goal  setting  enhanced 
productivity  even  more.  However,  incentives  did  not  seem  to 
improve  productivity  over  what  had  already  been  gained.  The 
conclusions  most  important  to  this  research  were  those  * 

pertaining  to  the  development  and  application  of  measures  in 
the  aircraft  maintenance  unit.  * 

The  Communication/Navigation  (Com/Nav)  branch  of  an 
Avionics  Maintenance  squadron  was  the  test  unit  for  the 
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aircraft  maintenance  function.  Meeting*  were  held  with  the 
Com/Nav  supervisor*  to  identify  outputs  and  methods  of 
measurements.  The  outputs  were  called  products  and  could  be 
>  measured  both  qualitatively  and  quantitatively.  For 

example,  the  supervisors  considered  one  product  to  be  the 
quality  of  repair.  They  chose  to  measure  the  success  of 
providing  this  product  by  examining  the  number  of  items  that 
were  returned  immediately  after  repair,  and  by  examining  the 
percentage  of  quality  control  inspections  passed  by  the 
workcenter . 

After  developing  a  list  of  products  and  indicators, 
they  established  contingencies.  The  term  contingency  refers 
to  the  relationship  between  the  amount  of  the  indicator  and 
the  effectiveness  of  that  amount  of  the  indicator.  This 
concept  was  derived  from  an  earlier  work  by  Tuttle  dealing 
with  productivity  (5:76-103).  Referring  again  to  the 
product,  quality  of  repair,  and  its  indicator,  percentage  of 
passed  quality  inspections,  contingencies  establish  the  best 
and  worst  level  of  performance  expected  in  that  area.  Once 
these  performance  limits  are  established  for  an  indicator, 
they  are  viewed  in  relation  to  the  affect  on  the  overall 
„  effectiveness  of  the  workcenter.  Zn  this  way,  each 

indicator  is  ranked  according  to  its  impact  on 
organisational  performance. 

The  system  worked  quite  well  when  tested. 

Productivity,  as  defined  by  the  contingencies,  improved 
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dramatically.  However,  a  follow-up  study  on  the  same 
military  organization  concluded  that  supervisory  interest 
had  declined  and  the  system  had  been  discontinued  (73:69- 
116). 

The  same  approach  to  measurement  and  enhancement  has 
been  applied  to  other  organizations,  but  only  ones 
characterized  by  a  highly  controlled  environment,  such  as  a 
back  shop  or  pure  production  function  (74:1-18).  These 
types  of  organizations  are  easier  to  study  because  of  their 
controlled  routine.  However,  the  need  still  exists  for  an 
application  in  a  more  dynamic  work  environment.  The  study 
concluded  that  the  primary  reason  for  dropping  the  program 
was  the  assignment  of  new  managers  who  did  not  see  the 
program's  merit.  They  said  that  it  was  too  complicated  and 
demanded  too  much  additional  time  from  supervisors  who  were 
already  stressed  for  time.  This  follow  up  study, 
highlighted  the  need  for  an  overall  measure  of  productivity 
which  would  integrate  the  numerous  messures  in  use,  yet  not 
serve  to  complicate  an  already  exceedingly  complex  task. 

Cpncluilon 

Productivity  management  in  the  Federal  Government  and 
particularly  in  the  DoD  is  a  difficult  task.  The  process 
begins  by  defining  productivity  in  terms  of  labor  output*, 
however,  at  the  operational  level  the  definition  becomes 
more  complicated  as  the  units  seek  to  measure  both 
efficiency  end  effectiveness.  The  resulting  measures  are 


numerous  and  are  considered  under  the  umbrella  of 
performance  indicators  in  general.  MAC  does  not  appear  to 
provide  information  to  the  Federal  Productivity  Measurement 
Project  and  the  multi-factor  approach  to  productivity 
measurement  suggested  by  AFR  25-3  is  implemented  only  at  the 
Wing  level. 

The  Maintenance  Management  System  in  MAC  utilises  the 
measurement  and  analysis  of  maintenance  data  to  monitor  unit 
performance  based  on  Command  standards.  However ,  Command 
performance  standards  address  only  a  few  areas  which  could 
be  viewed  as  productivity  concerns.  The  majority  of  the 
responsibility  for  the  evaluation  of  performance  and  the 
development  of  standards  is  left  to  the  operational  units. 

Many  studies  have  been  done  on  productivity 
measurement.  Those  studies  conducted  in  the  military 
environment  have,  for  the  most  part,  been  concerned  with  the 
micro  view--understanding  what  makes  individual  workers  more 
productive.  The  underlying  idea  is  that  if  individual 
productivity  is  enhanced,  organisational  productivity 
improvement  is  sure  to  follow  (5:61-73).  Having  the 
technician's  view  is  indeed  important;  however,  they  have  a 
very  limited  view  of  the  overall  mission  of  a  unit.  A  mors 
useful  approach  for  evaluating  productivity  would  be  to 
identify  pertinent  measures  based  on  the  desired  outputs  of 
maintenance  managers  in  relation  to  higher  headquarters 
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objective*.  Once  thi*  assessment  is  made,  one  could  then 
test  the  relationships  between  the  individual  measures  of 
productivity  and  the  overall  productivity  objectives  of  the 
unit. 


76 


lili _ Methodology 


InlcadaglAfla 

This  chapter  describes  the  aethod  of  research  used  to 
answer  the  research  questions  presented  in  chapter  one.  The 
purpose  of  this  research  was  to  explore  the  Banner  by  which 
aircraft  maintenance  units  neasure  productivity*  identify 
the  neasurement  aethoda  in  use  and  to  understand  their 
application.  In  order  to  accomplish  a  complete  study  of  the 
problem  as  stated  in  the  introductory  chapter*  the  research 
was  conducted  in  three  stages.  The  first  stage  consisted  of 
a  background  study  and  review  of  literature  dealing  with 
productivity  management,  both  in  general  and  more 
specifically  within  the  DoD.  The  second  stage  of  research 
consisted  of  telephone  interviews  with  maintenance  managers 
in  MAC.  The  interviews  were  conducted  to  gain  an 
understanding  of  management  attitudes  toward  productivity 
measurement  and  to  identify  the  specific  measures 
implemented  by  the  MAC  wings.  Finally,  specific  measurement 
data,  identified  by  the  interviews,  were  statistically 
analysed.  These  exploratory  efforts  provided  the 
information  necessary  to  understand  the  theoretical 
relationships  of  the  identified  measures  and  suggest 
alternative  methods  for  productivity  measurement  in  aircraft 
maintenance  units. 
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The  background  study  was  conducted  to  identify  the 
developnent  of  productivity  aanageaent  through  historical 
review  of  aanageaent  concepts,  various  definitions  of 
productivity  and  current  applications  within  the  private 
sector .  Implicit  in  the  background  study  was  the 
identification  of  measurement  methods  and  their  application 
as  a  part  of  productivity  aanageaent.  The  sources  for  the 
background  study  were  aanageaent  texts,  and  journal 
articles . 

After  establishing  an  understanding  of  productivity 
aanageaent  in  the  private  sector,  the  researcher  reviewed 
government  documents  establishing  guidelines  for 
productivity  management  within  the  public  sector  and 
specifically  within  the  DoD.  Directives  and  regulations 
were  reviewed  through  each  level  of  aanageaent  froa  the 
Office  of  the  President  of  the  United  States  to  the  MAC 
aircraft  maintenance  units  at  the  wing  level.  Additionally, 
DTIC  documents  were  reviewed  in  order  to  determine  what 
other  research  had  been  done  in  the  area  of  productivity 
management  within  the  DoD  and  specifically  what  research 
pertained  to  Air  Force  aircraft  maintenance.  The  purpose  of 
the  literature  review  was  to  offer  a  comparison  of 
productivity  aanageaent  methods  in  the  DoD  and  to  Identify 
the  measurement  criteria  at  eaoh  level  of  command. 
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Stage  2:_ Interview 


Having  developed  a  baseline  of  productivity  management 
neasurea  and  applications  in  both  the  private  sector  and  the 
DoD,  the  next  logical  step  in  the  research  was  to  determine 
how  these  measures  were  actually  being  applied  within  the 
MAC  maintenance  units 4  An  interview  instrument  was 
developed  and  tested  for  this  purpose#  The  researcher  chose 
to  use  a  structured  interview  but  used  open  ended  questions 
so  that  each  answer  could  be  explained  fully  and  to  enaure 
the  respondent  understood  each  question.  The  interview 
instrument  was  reviewed  by  AFIT  faculty  and  revised  to 
improve  its  content  validity.  A  pretest  of  the  instrument 
was  then  conducted  at  the  2750th  Test  Wing  at  Wright- 
Pat  terson  AFB,  Ohio.  The  Wing  DCM  and  the  chief  of  the 
maintenance  analysis  section  were  interviewed  and  further 
revisions  made  to  the  instrument.  These  revisions  were 
intended  to  ensure  the  respondents  understood  productivity 
terms  as  defined  by  the  Air  Force.  This  strengthened  the 
construct  validity  of  the  instrument.  The  resulting  set  of 
questions  is  included  as  Appendix  E. 

After  initial  interviews  at  the  MAC  headquarters  to 
determine  the  flow  of  productivity  information  within  the 
command  1  the  comptroller ,  programs  and  resources  and 
logistics  directorates  were  contacted.  Telephone  interviews 
were  scheduled  with  these  directorates  to  establish  how  each 
Interacted  with  the  wings  to  monitor  the  command's 


productivity  and  to  determine  how  the  information  from  each 

♦ 

directorate  came  together  at  the  headquarters  level. 

Telephone  interviews  were  then  conducted  with 
maintenance  managers  at  ten  MAC  wings.  The  individuals  1 

contacted  were  Deputy  Commanders  for  Maintenance  or  their 
designees  and  the  Chiefs  of  the  Wing  Maintenance  Analysis 
sections.  The  purpose  of  the  interviews  was  to  identify  the 
measures  in  use  at  the  wing  level  and  to  understand  how  the 
broadly  defined  concepts  presented  in  the  background  study 
and  literature  review  were  actually  being  implemented.  The 
DCM  interviews  gave  an  indication  of  the  direction 
productivity  management  in  each  Wing  was  taking  while  the 
interviews  with  the  Chiefs  of  Maintenance  Analysis  indicated 
specifically  how  these  directions  were  being  pursued. 

Stage  3;  Detailed  Data  Collection  and  Analysis 

Evaluation  of  the  measures  specified  in  stage  two  as 
being  used  at  the  Wing  level  to  manage  productivity  was 
conducted  in  three  parts;  data  collection,  quantitative 
analysis  and  qualitative  analysis.  The  purpose  of  this 
analysis  was  to  identify  those  measures  most  significant  for 
the  assessment  of  an  aircraft  maintenance  units 

productivity.  * 

It  was  necessary  as  part  of  this  analysis  to  categorize 
each  identified  measure  as  either  an  input  or  an  output.  As  , 

stated  in  chapter  III,  the  DOT  definition  of  productivity  is 
a  ratio  of  inputs  to  outputs.  Outputs  are  defined  as  the 
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final  products  produced  or  services  rendered  in  a  measurable 
functional  area.  Inputs  are  defined  as  the  amount  of 
resources  utilised  to  produce  an  output  (63:34).  Because  it 
was  unclear  which  of  the  identified  measures  was  intended  to 
be  the  best  indicator  of  a  unit's  productivity!  each  measure 
categorised  as  an  output  was  used  as  the  dependant  variable 
in  a  series  of  regression  equations.  The  regaining  Measures 
functioned  as  independent  variables. 

From  the  information  gathered  by  the  telephone 
interviews!  the  thirteen  most  commonly  used  measures  were 
identified.  Of  the  ten  wings  interviewed,  six  were  chosen 
to  contribute  data  because  they  were  networked  into  a 
central  database  management  system  monitored  at  HQ  MAC. 

This  made  the  data  collection  easier  to  accomplish  because 
it  could  be  gathered  at  one  location.  The  remaining  wings 
utilized  local  data  systems  which  would  have  to  be  accessed, 
individually.  The  time  constraints  of  this  research 
precluded  gathering  data  from  these  wings. 

Using  the  information  gathered  in  the  interviews  and 
the  researcher's  personal  experience  of  ten  years  in  MAC 
aircraft  maintenance!  a  logical  model  was  developed.  The 
purpose  of  the  model  was  to  categorise  the  thirteen  measures 
as  either  inputs  or  outputs  according  to  the  DOD 
productivity  definition  and  to  establish  the  relationships 
among  them.  The  model  was  then  verified  and  validated 
through  review  by  a  total  of  five  students  and  instructors 


at  AFIT  with  experience  in  the  aircraft  maintenance  career 
field.  Suggested  changes  were  made  to  the  model  based  on 
their  input  and  logical  explanations  were  developed  for  each 
association  of  measures  within  the  model.  The  basic  intent 
was  to  establish  preliminary  theory  as  to  how  each  measure 
contributed  to  the  overall  assessment  of  productivity  within 
the  maintenance  units. 

A  correlation  matrix  of  all  the  variables  was 
programmed  in  the  System  for  Elementary  Statistical  Analysis 
(SAS).  The  resulting  associations  served  to  either  confirm 
or  question  the  relationships  among  the  measures  first 
purposed  by  the  logical  model.  Additionally »  conclusions 
were  drawn  to  identify  redundant  measures  by  logical 
interpretation  of  the  matrix.  The  basic  rationale  for 
Identifying  redundancy  was  that  if  two  measures  were  highly 
correlated  with  a  third,  and  the  two  measures  were  highly 
correlated  with  each  other,  then  the  measures  might  be 
redundant  (or  collinear).  Those  measures  seeming  to 
indicate  redundancy  were  then  logically  evaluated  to 
determine  if  both  assessed  the  same  aspect  of  productivity. 
If  so,  the  redundant  measures  were  considered  as  candidates 
for  elimination  from  the  productivity  models. 

The  next  step  was  to  revise  the  model  to  include  only 
those  measures  which  contributed  best  to  the  assessment  of 
productivity.  This  step  was  performed  by  confirming  the 
findings  of  the  correlation  analysis  with  an  additional  test 
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using  stepwise  regression.  To  confirm  the  validity  of  the 
basic  ascumption  concerning  redundant  measures t  all  measures 
were  regressed  to  each  output  measure.  Stepwise  regression 
using  the  backward  elimination  procedure  was  performed  for 
the  purpose  of  retaining  only  those  measures  which  most 
significantly  explained  the  variation  of  each  output 
measure.  The  backward  elimination  process  was  used  because 
it  began  with  all  the  measures  and  eliminated  each  one  as  it 
was  tested  by  itself  and  in  interaction  with  the  others.  If 
more  than  one  independent  measure  contributed  in  the  same 
manner  to  the  output  measure ,  only  that  which  contributed 
most  significantly  would  be  retained  in  the  model.  The 
measures  which  remained  in  the  model  were  assumed  to 
contribute  the  most  to  the  explanation  of  the  output 
(dependent)  measure. 

A  stepwise  regression  was  performed  for  each  of  the  six 
measures  identified  as  outputs.  The  model  which  was 
indicated  to  be  most  useful  to  explain  the  relationships  of 
the  various  measures  was  compared  to  the  original  logical 
model.  As  the  relationships  of  the  variables  were  either 
confirmed  or  questioned!  logical  explanations  were  sought 
for  practical  validation.  The  output  measure  and 
contributing  measures  which  tested  most  useful  were 
determined  to  represent  "The  Productivity  Hodel."  The  most 
significant  output  measure  was  substituted  for  productivity 
and  the  contributing  measures  were  determined  to  be  the  best 


inputs  to  productivity  in  the  context  of  this  study. 

Finally,  the  revised  model  was  tested  for  interaction  among  4 

the  measures  and  residual  analysis  was  performed.  The 

analysis  of  the  residual  plots  for  each  measure  confirmed  or  ^ 

questioned  the  validity  of  the  final  logical  model  and 

further  established  the  model's 


usefulness.  Figure  2  demonstrates  the  logical  flow  of  the 
preceding  analysis. 

The  critical  interpretation  of  the  information  gathered 
from  the  qualitative  and  quantitative  analysis  of  the 
research  data  was  accomplished  by  comparing  the  research 
findings  to  the  information  in  the  background  study  and 
literature  review.  A  final  comparison  of  the  analysis 
results  to  what  was  learned  about  productivity  in  the  public 
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sector  established  the  basis  for  conclusions  and 
recommendations  concerning  the  stated  problem  in  keeping 
with  the  research  objectives. 

Summary 

This  study  was  conducted  to  explore  the  method  of 
productivity  management  in  aircraft  maintenance  units  in  the 
Military  Airlift  Command.  The  background  study  and 
literature  review  established  the  level  of  concern  for 
productivity  management  in  both  the  private  and  public 
sectors  of  the  economy.  Additionally,  the  methods  of 
productivity  management  employed  in  the  DOD  and  the  U.S.  Air 
Force  were  explored  with  emphasis  on  the  identification  of 
the  required  measurement  methods  as  they  are  implemented  at 
each  level  of  command.  Having  established  a  baseline  of 
information,  maintenance  managers  from  ten  MAC  wings  were 
interviewed  to  identify  how  productivity  is  measured  at  the 
wing  level  and  to  establish  how  these  measures  ere  utilised 
for  productivity  management.  As  a  result  of  these 
interviews,  thirteen  messures  were  identified  and 
statistically  analyzed.  Simple  correlation  and  stepwise 
regression  were  used  to  estsblish  the  relationships  among 
the  variables  and  to  eliminate  redundancy.  The  remaining 
measures  were  evaluated  as  to  their  logical  usefulness  for 
the  explanation  of  productivity  in  aircraft  maintenance 
units. 
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This  chapter  presents  the  answers  to  the 


ch 


questions  posed  in  chapter  I.  The  sources  used  to  gather 
data  consisted  of  a  background  study,  literature  review  and 
telephone  interviews.  The  review  of  regulatory  guidance 
provided  a  view  of  current  methodology  for  productivity 
measurement  in  the  Military  Airlift  Command.  Telephone 
interviews  conducted  with  MAC  maintenance  managers  confirmed 
the  measurement  methods  actually  used  at  the  Wing  level  and 
established  the  flow  of  productivity  information  to  the 
Major  Command  headquarters.  Once  the  measurements  were 
identified,  six  months  of  data  for  each  measurement  was 
gathered  from  the  various  wings  and  analyzed  to  determine 
the  relationships  among  the  measures  as  they  effect 
productivity  in  aircraft  maintenance  units. 

Current  Productivity  Measurement 

Productivity  management  in  the  Federal  Government  is 
concerned  with  labor  output.  The  presidential  order  which 
serves  as  the  primary  guidance  for  productivity  improvement 
defines  productivity  as  the  efficient  use  of  government 
resources  to  produce  a  desired  output  in  the  form  of  goods 
and  services.  Each  DOD  component  gathers  labor  hour  data 
and  reports  it  to  the  Bureau  of  Labor  Statistics  to  be  used 
in  conjunction  with  data  from  the  private  sector.  Together 


these  data  inputs  yield  a  national  productivity  figure  for  a 
given  year. 

Productivity  data  from  the  DOD  components  are  gathered 
by  functional  area  from  existing  data  systems.  Those 
gathered  to  measure  Air  Force  aircraft  maintenance 
productivity  are  primarily  in  the  areas  of  intermediate  and 
depot  maintenance  actions.  These  data  are  gathered  from  the 
Air  Force  Logistics  Command  and  indicated  by  the  number  of 
items  processed.  The  data  is  routed  through  the  Air  Staff 
where  it  is  verified,  compiled  and  submitted  to  the  Bureau 
of  labor  Statistics. 

In  addition  to  the  macro  measurement  of  labor 
productivity,  each  Major  command  is  responsible  for 
establishing  productivity  goals  and  developing  programs  for 
managing  productivity  in  compliance  with  APR  25-3.  The 
maintenance  management  system  in  MAC  utilizes  the 
measurement  and  analysis  of  maintenance  data  to  improve  unit 
performance  based  on  Command  standards.  The  Command 
standards  deal  specifically  with  departure  reliability  and 
mission  capable  rates.  The  responsibility  for  development 
and  evaluation  of  performance  standards  which  contribute  to 
the  effective  and  efficient  performance  of  the  operational 
mission  is  left  to  the  operational  units. 

Each  operational  wing  in  MAC  must  comply  with  MACR  66-1 
which  establishes  the  maintenance  management  system. 

Included  in  this  regulation  are  a  number  of  suggested 
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measures  to  assist  in  performance  evaluation  and 

enhancement.  * 

Because  of  the  broad  definition  of  productivity  as  a 
measure  of  both  efficiency  and  effectiveness*  several  l 

measures  are  used  by  each  wing  maintenance  activity.  It  is 
up  to  the  unit  to  define  the  measures  which  help  to  evaluate 
the  accomplishment  of  unit  objectives. 

Interview  Conduct 

Telephone  interviews  were  conducted  with  wing  level 
maintenance  managers  and  directorate  level  managers  at  HQ 
MAC.  Wing  Deputy  Commanders  for  Maintenance  or  those  whom 
they  designate  and  Chiefs  of  the  maintenance  data  analysis 
sections  were  asked  a  series  of  questions  to  establish  the 
level  of  familiarity  with  productivity  initiatives  in  the 
Air  Force,  identify  specific  productivity  measures  used  by 
aircraft  maintenance  units  and  to  explain  their  opinions 
concerning  productivity  management  at  the  wing  level. 

Managers  within  the  comptroller,  programs  and  resources  and 
logistics  directorates  were  asked  the  same  series  of 
questions  to  establish  the  flow  of  information  from  the 
wings  to  the  HQ  and  how  the  information  is  used  once 
received. 

ft 

Twenty  three  interviews  were  conducted.  Three  were 
conducted  within  the  Directorates  at  HQ  MAC  while  the 
remaining  twenty  were  split  evenly  among  DCM’s  and  Chief's 
of  analysis  at  ten  MAC  Wings.  The  following  narratives  are 
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summaries  of  the  responses  dealing  specifically  with  the 

* 

research  questions  as  presented  in  chapter  I. 

Interview  Findings 

*  Research  Question  1:  Are  aircraft  maintenance 

managers  familiar  with  Air  Force  guidance  concerning 
productivity  measurement? 

Finding  1:  Fifty  percent  of  those  interviewed  were  not 
familiar  with  AFR  25-3,  the  Air  Force  Productivity 
Enhancement  Program.  Of  those  familiar  with  the  regulation, 
the  majority  thought  of  it  as  a  continuation  of  the  Model 
Installation  and  Suggestion  programs.  There  was  no  detailed 
knowledge  of  regulatory  guidance  for  the  measurement  of 
productivity  at  either  the  Major  Command  or  Wing  level. 

When  asked  which  aspect  of  productivity  concerned  them 
most,  efficiency  or  effectiveness,  the  responses  varied  by 
functional  grouping.  The  DCM’s  responded  overwhelmingly 
that  effectiveness  was  the  primary  issue  in  productivity 
measurement.  The  maintenance  data  analysts  and  HQ  level 
managers  felt  both  issues  were  of  equal  importance.  In 
general,  all  groups  agreed  that  efficiency  would  become 
increasingly  important  with  the  current  defense  reduction. 

■  Thirteen  of  the  twenty  three  respondents  considereo 

productivity  measurement  to  be  an  important  issue.  They 

4  believe  quantitative  measurement  of  maintenance  data  to  be 

the  only  valid  method  of  tracking  the  overall  performance  of 
a  unit.  Those  who  did  not  consider  productivity  measurement 
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to  be  an  important  issue  cited  problems  with  the  Maintenance 

♦ 

Data  Collection  System.  Many  felt  the  MDC  system  was  too 
subject  to  error  for  the  resulting  measures  to  be  truly 
valid.  The  respondent  from  the  Comptroller  Directorate  * 

explained  that  aircraft  maintenance  had  little  input  to  the 
command  level  productivity  picture.  He  claimed  productivity 
is  a  function  of  cost  and  is  measured  by  the  ratio  of  cost 
per  unit  of  support.  Although  the  aircraft  maintenance 
function  does  factor  into  the  cost  of  support,  productivity 
management  emphasis  is  placed  on  cost  management  as  opposed 
to  the  individual  support  processes. 

Research  Question  2:  What  methods  of  productivity 
measurement  have  been  specified  by  regulation  for  aircraft 
maintenance  units? 

Finding  2:  The  respondent  from  the  Comptroller 
Directorate  was  the  only  one  from  the  HQ  level  aware  of  a 
specified  measure  for  aircraft  maintenance  productivity. 

Supply  cost  per  flying  hour  is  the  input  associated  with 
aircraft  maintenance.  It  is  reported  by  the  Resource 
manager  at  each  wing  to  HQ  MAC.  The  DCM’s  did  not  have 
specific  knowledge  of  required  measures,  but  felt  that 
departure  reliability  and  mission  capable  rates  were  the  » 

measures  of  greatest  concern  to  MAC.  The  maintenance  data 
analysts  referred  to  MACR  66-1,  Volume  II  as  listing  the  M 

requirements  for  productivity  measurement.  Paragraph  4-14 
of  this  regulation  lists  seven  reports  which  must  be 
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generated  for  inclusion  in  the  monthly  maintenance  digest. 

'  These  reports  are  viewed  by  maintenance  managers  as  meas  ~e« 

of  productivity.  For  the  remainder  of  this  study  the 
a  reports  will  be  referred  to  as  productivity  measures. 

The  required  measures  of  productivity  are: 

1.  manhour  per  flying  hour 

2.  cannibalization  actions  per  aircraft 

3.  awaiting  maintenance  discrepancies 

4.  awaiting  parts  discrepancies 

5.  maintenance  air  aborts 

6.  base  self  sufficiency 

7.  high  component  failures/work  hour  consumers 
Research  Question  3:  Which  of  the  specified  methods  of 

productivity  measurement  are  actually  implemented? 

Finding  3:  The  purpose  of  this  question  was  to 
discover  if  the  measures  actually  in  use  at  the  wing  level 
were  consistent  with  regulatory  guidance;  therefore,  only 
wing  level  responses  were  recorded.  The  majority  of 
respondents  in  both  functional  groups  at  the  wing  level 
stated  that  all  required  measures  were  reported  and  used  by 
maintenance  managers.  The  remaining  respondents  agreed  that 
all  required  measures  are  reported,  but  they  asserted  that 

■ 

their  actual  use  is  situational.  For  example,  if  awaiting 
maintenance  discrepancies  exhibit  an  upward  trend  over  time, 

* 

only  then  do  they  become  an  item  of  interest.  They  also 
cautioned  that  no  measure  should  be  used  in  isolation  for 
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productivity  measurement.  All  respondents  agreed  that  the 
measures  in  use  must  be  viewed  together  as  in  the  multi-  * 

factored  approach. 

Research  Question  4:  Are  there  methods  of  productivity  ». 

measurement  used  by  aircraft  maintenance  organisations  other 
than  those  specified  by  regulation? 

Finding  4:  There  are  measures  in  use  in  addition  to 
those  required  by  regulation.  Mission  capable  rates  and 
departure  reliability  rates,  although  not  included  in  the 
list  of  required  measures,  are  reported  by  every  MAC  wing. 
Departure  reliability  has  been  the  traditional  measure  of 
effectiveness  in  MAC.  However,  in  an  effort  to  standardise 
the  neaiure  of  effectiveness  across  commands  in  the  Air 
Force,  mission  capable  rates  have  been  increasingly 
emphasised.  Appendix  F  exhibits  the  correspondence  between 
the  Department  of  the  Air  Force  and  HQ  MAC  which  established 
the  requirement  for  this  emphasis.  Appendix  G  lists  the 
measures  gathered  and  reported  by  each  wing  interviewed. 

Statistical  Analysis  and  Findings 

Research  Question  5:  What  are  the  nature  and  strength 
of  the  relationships  among  the  measures  implemented  by 
aircraft  maintenance  organisations?  * 

Finding  6:  To  answer  this  question  the  thirteen  most 
common  measures  used  by  MAC  aircraft  maintenance  units  were  « 

chosen  and  categorized  as  either  input  or  output  measures 
contributing  to  an  overall  measure  of  productivity  as 
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explained  in  chapter  IV.  A  logical  model  was  developed 


from  these  measures  and  validated  by  the  statistical 
analysis  of  data  gathered  in  each  measurement  area. 

A  Priori  Logical  Analysis.  The  logical  model  presented 
in  Figure  3  is  a  representation  of  the  thirteen  productivity 
measures  most  used  by  MAC.  In  parenthesis ,  between  each 
measure!  is  a  negative  or  positive  symbol  which  represents 
the  logical  relationships  among  the  measures. 
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Figure  3  X  Priori  Logical  Model  for  HaC  Productivity 

Measures 


The  absence  of  a  symbol  between  measures  (e.g.  1  and  7) 
indicates  that  the  relationship  was  not  apparent  to  the 
researcher. 
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Table  2  MAC  Productivity  Measure* 


OUTPUT 

Nomenclature 

Variable  name 

labor  hour/flying  hour 

msrl 

mission  capable  rate 

msr2 

repeat /reoccurring 
discrepancies 

msr7 

maintenance  scheduling 
effectiveness 

msr8 

maintenance  air  aborts 

msr9 

homestation  reliability 

msrlO 

enroute  reliability 

msrll 

training  reliability 

msrl2 

INPUT 

Nomenclature 

Variable  name 

cannibalization 

msr3 

awaiting  maintenance 
discrepancies 

msr4 

awaiting  parts 
discrepancies 

msrS 

average  possessed  aircraft 

msr8 

base  self  sufficiency 

msrl3 
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Measurement  categories.  The  preceeding  table  exhibits 
*  the  thirteen  measures  chosen  for  analysis.  The  nomenclature 

and  corresponding  variable  name  is  identified  for  each 
«  measure.  Additionally t  the  table  exhibits  how  each  measure 

was  categorised  as  input  or  output  in  terms  of  its 
contribution  to  the  basic  productivity  definition. 

Recognizing  the  complexity  of  the  relationships  among 
the  measures  shown,  the  model  in  Figure  3  is  simplified  to 
show  those  relationships  that  are  most  obvious.  The  model 
assumes  that  the  measures  positioned  at  the  lower  levels  of 
the  figure  contribute  to  those  positioned  above  them.  The 
measures  at  the  bottom  of  the  figure  are  considered  to  be 
the  basic  inputs  which  contribute  to  each  measure  above  as 
indicated  by  the  connecting  lines.  The  measures  at  the  top 
of  the  figure  are  the  final  outputs  of  the  model. 

Base  self  sufficiency  (msrl3)  is  the  measure  of  a  units 
ability  to  repair  assets  and  return  them  to  use.  Msrl3  and 
the  average  number  of  possessed  aircraft  (msr6)  represent 
the  basic  model  inputs.  These  measures  will  affect  all 
other  measures  in  the  model,  either  directly,  as  in  msr5  or 
through  other  measures,  as  in  msrl . 
a  Awaiting  parts  discrepancies  (msr5)  are  aircraft 

discrepancies  which  have  been  troubleshot  by  maintenance 
personnel,  but  cannot  be  repaired  until  a  specific  part  is 

% 

received  from  supply.  This  measure  represents  the 
responsiveness  of  the  supply  system  to  maintenance 
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requirements.  It  is  directly  affected  by  asrl3  and  msr6. 
The  number  of  possessed  aircraft  at  any  given  time  (msr6) 
will  affect  the  number  of  awaiting  parts  discrepancies  by 
increasing  or  decreasing  the  demand  for  parts  from  supply. 

F  rthermore,  as  the  base  intermediate  repair  facilities 
eturn  more  items  to  use  (msrl3)  the  demand  on  supply  is 
reduced  which  in  turn  reduces  the  number  of  awaiting  parts 
discrepancies. 

The  average  number  of  aircraft  possessed  by  a  wing 
(msr6)  and  the  awaiting  parts  discrepancies  (mar5) 
contribute  to  the  number  of  discrepancies  awaiting 
maintenance  (msr4).  Discrepancies  awaiting  parts  become 
awaiting  maintenance  once  the  parts  are  received  and  until 
the  repair  task  is  completed.  Also,  because  an  aircraft 
system  may  be  awaiting  parts  for  one  component  while  other 
components  in  the  system  also  require  maintenance,  the 
repair  of  the  entire  system  (all  bad  components)  may  not  be 
accomplished  until  the  part  in  question  is  received.  Each 
aircraft  possessed  by  a  wing  represents  some  potential 
number  of  maintenance  tasks.  The  number  of  tasks  increase 
or  decrease  with  the  number  of  aircraft  possessed  (msr6)  as 
do  the  number  of  discrepancies  awaiting  parts  (msr5)  and 
maintenance  (msr4). 

Manhour  per  flying  hour  (msrl)  represents  the 
maintenance  effort  expended  to  sustain  an  aircraft  for  one 
hour  of  flight.  The  model  indicates  that  awaiting 
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maintenance  discrepancies  (msr4)  and  the  number  of 
cannibalization  per  aircraft  (msr3)  have  a  direct  affect  on 
marl.  These  measures  represent  the  total  maintenance 
effort.  All  awaiting  maintenance  discrepancies  represent 
potential  manhour  consuming  tasks.  Likewise ,  every 
completed  task  was  at  one  time  recorded  as  an  item  awaiting 
maintenance.  Therefore ,  an  increase  in  msr4  will  cause  in 
increase  in  msrl. 

Cannibalizations  are  a  result  of  the  inability  of 
supply  to  provide  the  needed  parts.  An  increase  in  msr5  may 
result  in  an  increase  in  msr3  as  parts  are  taken  from  other 
aircraft  to  make  up  for  the  lack  of  parts  in  the  supply 
system.  These  cannibalization  actions  add  to  the  manhour 
per  flying  hour  rate  for  a  given  wing. 

The  next  level  of  relationships  in  the  model  is 
somewhat  unclear.  The  model  shows  that  msrl  contributes  to 
mission  capable  rates  (msr2)  via  repeat/reoccurring 
discrepancies  (msr7),  maintenance  scheduling  effectiveness 
(msr8),  and  maintenance  air  aborts  (msr9).  However •  it  is 
unclear  whether  the  net  relationships  are  positive  or 
negative.  For  example,  does  more  maintenance  effort  (msrl) 
decrease  the  number  of  repeat/reoccurring  discrepancies 
(msr7),  or  does  the  increased  requirement  for  maintenance 
suggested  by  a  higher  manhour  per  flying  hour  rate  increase 
repeat/  reoccurring  discrepancies?  Maintenance  scheduling 
effectiveness  (msr8)  measures  a  unit's  ability  to  meet  the 
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periodic  maintenance  schedule.  Maintenance  air  aborts 
(msr9)  are  those  aircraft  which  must  return  to  base  because 
of  maintenance  problems  encountered  after  takeoff. 


v 

Measures  seven ,  eight  and  nine  directly  affect  the  f 

mission  capable  rate  (msr2).  As  repeat/reoccurring 
discrepancies  and  maintenance  air  aborts  increase,  a  unit's 
ability  to  provide  mission  capable  aircraft  is  decreased. 

However,  maintenance  scheduling  effectiveness  positively 
affects  mission  capable  rates.  Aircraft  are  required  to  be 
inspected  and  maintained  at  certain  intervals.  The  aircraft 
cannot  be  declared  mission  capable  if  these  periodic 
inspections  and  the  resulting  maintenance  is  not  completed. 

The  upper  portion  of  the  model  represents  the  final 
output  of  the  total  maintenance  effort.  Departure 
reliability  rates  are  the  traditional  measure  of  maintenance 
productivity  in  MAC.  Homestation,  enroute  and  training 
departure  reliability  are  represented  in  the  model  as  msrlO, 
msrll  and  msrl2  respectively.  Mission  capable  rates  (msr2i 
impact  each  of  the  departure  reliability  rates  for  any  given 
wing.  The  more  aircraft  a  unit  has  ready  to  perform  the 
required  mission,  the  more  likely  the  airersft  will  takeoff 
on  time.  On  time  takeoffs  are  the  bottom  line  measure  of  a 

* 

units  productivity  in  terms  of  effectiveness. 

Correlational  Analysis.  Figure  4  exhibits  a  comparison 
of  the  a  priori  logical  model  and  the  same  model  after 
correlational  analysis.  The  numbers  on  the  right-hand  model 
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represent  the  actual  strength  and  nature  of  the  original 
relationships.  The  correlation  matrix  from  which  these 
figures  were  extracted  is  presented  in  Appendix  H. 


It  is  readily  apparent  that  associations  assumed  to  be 
logical  in  the  priori  model  are  not  uniformly  upheld  by  the  ' 
correlational  analysis.  Ten  of  the  thirteen  posited 
relationships  appeared  to  be  either  strongly  or  marginally 
supported.  However ,  the  a  priori  model  suggests  a  positive 
relationship  between  msr6  and  msr5,  while  the  correlation 
analysis  exhibits  a  negative  relationship  between  these 
measures.  This  relationship  indicates  that  awaiting  parts 
discrepancies  increase  as  average  possessed  aircraft 
decrease.  Likewise,  the  relationships  shown  between  msr2 
and  msr7 ,  and  msr2  and  msr9  after  correlational  analysis  do 
not  agree  with  the  general  understanding  of  these  measures. 


The  correlations  suggest  that  the  associations  between  these 
neasures  are  positive.  In  other  words ,  as  repeat/  * 

reoccurring  discrepancies  and  maintenance  air  aborts 
increase ,  the  unit's  mission  capable  rates  seem  to  increase.  p 

Another  observation  to  be  made  from  the  comparison  of 
these  models  is  the  relatively  weak  correlations  among  some 
measures.  The  a  priori  model  is  based  upon  the  assumption 
that  these  measures  have  significant  associations.  Logic 
suggests  that  the  association  between  average  possessed 
aircraft  and  awaiting  maintenance  discrepancies  is 
reasonably  strong.  As  a  unit  possesses  more  aircraft  the 
requirement  for  maintenance  tasks  will  most  likely  increase 
which  will  in  turn  increase  the  number  of  awaiting 
maintenance  discrepancies.  However,  the  correlational 
analysis  shows  the  association  between  these  measures  to  be 
very  weak.  Insteadi  the  strongest  association  with  awaiting 
maintenance  discrepancies  seems  to  be  cannibalization. 

In  light  of  these  counter-intuitive  findings,  the 
analysis  suggests  that  the  associations  between  the  measures 
are  either  much  more  complex  than  originally  thought  or  that 
many  of  the  measures  nay  provide  redundant  information. 

After  viewing  the  correlation  matrix  presented  in  Appendix  ^ 

H.  redundancies  appeared  possible  between  the  following 
pairs  of  variables: 
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1.  mission  capable  rates  and  cannibalisation 

(>.552) 

2.  cannibalisation  and  awaiting  parts 

discrepancies  ( . 664 ) 

3.  enroute  and  training  reliability  (.348) 

The  above  information  suggests  that  mission  capable 
rates,  cannibalisation  and  awaiting  parts  discrepancies  may 
largely  overlap  in  terms  of  the  information  they  convey  to 
managers.  Having  understood  that  awaiting  parts 
discrepancies  are  an  indication  of  supply's  ability  to 
provide  the  needed  parts  to  maintenance,  it  follows  that 
cannibalisation  and  mission  capable  rates  may  be  considered 
follow-on  indicators  of  supply  support. 

.Reliability  rates  measure  the  overall  effectiveness  of 
a  units  maintenance  effort.  Traditionally,  homestation 
reliability  has  been  the  primary  performance  indicator  for  a 
MAC  wing.  However,  homestation  reliability  can  be 
manipulated  by  the  local  maintenance  managers. 
Cannibalisation  of  parts,  replacing  aircraft  with  scheduled 
spares  and  expediting  priority  tasks  are  all  ways  of 
ensuring  high  homestation  reliability  rates. 

Enroute  reliability  is  more  of  an  indication  of  an 
aircraft  ability  to  perform  the  mission  because  it  is  not 
subject  to  the  same  level  of  manipulation.  Therefore, 
enroute  reliability  rates  may  be  a  better  indicator  of  the 
quality  of  maintenance  performed  at  homestation  as  it 
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sustains  the  aircraft  ia  the  system.  Training  reliability 
haa  the  lowest  priority  at  hoaestation,  A  high  training 
reliability  rate  also  indicates  high  quality  aaintenance. 

If  the  low  priority  aisaions  are  reliable,  then  the  overall 
reliability  of  the  unit's  aircraft  will  likely  be  high  as 
well.  Consequently i  both  training  and  enroute  reliability 
rates  Bay  be  good  indicators  of  a  unit's  aaintenance 
effectiveness  and  quality  level. 

Research  Question  6:  Of  the  aeasures  implemented  by 
aircraft  maintenance  organizations,  which  contribute  aost 
significantly  to  explaining  maintenance  productivity? 

Finding  6:  Stepwise  regression  was  used  to  evaluate 
the  model  which  best  described  a  maintenance  units 
productivity.  Redundant  aeasures  do  not  appear  in  the 
resulting  models  because  the  stepwise  elimination  of  the 
measures  will  retain  only  those  that  are  most  significant. 

Several  models  were  tested.  Table  3  exhibits  the  dependant 
variable,  the  significant  aeasures,  R-square  and  global  F 
values  for  each  model  tested.  The  regression  analysis 
output  is  presented  in  Appendix  I. 

The  information  in  Table  3  exhibits  the  aost 
significant  aeasures  for  each  of  the  output  aeasures  • 

identified.  Of  the  eight  models  tested,  msnhour  per  flying 
hour  has  the  highest  R  square  and  global  F  values.  The  R 
square  value  of  95%  represents  the  fraction  of  the  sample 
variation  of  the  dependent  variable  that  is  attributable  to 
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Table  3  Comparison  of  Stepwise  Regression  Results  for  MAC 
Productivity  Measures 


DEPENDANT  VAR. 
(productivity) 

SIGNIFICANT  MEASURES 
(0.01  level  of  sig.) 

Rsquare 

Global  F 
(prob>F) 

manhour/flying  hr 
(  msrl  ) 

Rase  1, 3,4,5, 8 
msr2 
msrS 

0.959 

79.63 

(0.0001) 

mission  capable 
rates  (msr2) 

Base  1,2,3,6 
msr3 
msr4 
msrS 
msrS 

0.734 

13.48 

(0.0001) 

repeat/reoccurring 

discrepancies 

(msr7) 

Base  1,2, 3, 4, 6, 7 

msr2 

msr4 

msrS 

0.828 

17.90 

(0.0001) 

maintenance  ached 
effectiveness 
(msr8) 

Base  3,6,7 
msrS 

0.562 

13.84 

(0.0001) 

maintenance  air 
aborts  (msr9) 

none 

0 

0 

homestation  rel. 
(msrlO ) 

Base  6 
msrS 
msrS 
msrl3 

0.429 

5.84 

(0.0013) 

enroute  rel. 

(msrll ) 

Base  1 , 3 ,4 , S  ,6 

msr4 

0.588 

6.73 

(0.0003) 

training  rel. 

(msr!2 ) 

Base  1(3,6 
msr3 
msr4 

msrS 

msr!3 

0.615 

6.08 

(0.0001) 

the  dependant  variables  in  the  regression  nodel.  In 
general,  the  larger  the  R  square  value  is,  the  better  the 
model  fits  the  data.  The  global  F  statistic  is  the  result 
of  the  test  of  global  usefulness  for  each  model.  According 
to  the  information  in  table  3,  80%  of  the  variability  of  the 
data  is  explained  by  the  manhour  per  flying  hour  model  with 
a  99%  level  of  confidence.  The  form  of  this  model  is  shown 
as: 

productivity:  msrl  *  71.27  ♦  125.45  bl  -  19.16  b3  - 

22.58  b4  -  32.09  b5  -  31.99  b6  -  .4718 
msr2  ♦  .1317  msr8 

Not  surprisingly,  this  equation  seems  to  indicate  that 
the  model  is  highly  dependant  on  differences  among  the 
various  bases  from  which  the  data  was  gathered.  This 
suggests  that  factors  unique  to  a  given  base  strongly  affect 
the  productivity  of  a  unit.  Identifying  these  factors  is  an 
area  for  future  research.  The  information  of  interest  to 
this  study  is  the  indication  that  mission  capable  rates  and 
maintenance  scheduling  effectiveness  are  the  measures  which 
best  explain  manhour  per  flying  hour  and  may  therefore  be 
the  most  useful  indicators  of  a  unit's  productivity. 

However,  mission  capable  rates  and  maintenance  scheduling 
effectiveness  are  among  the  measures  classified  as  outputs. 
Therefore,  it  is  important  to  address  these  measures  in  the 
context  of  the  inputs  which  contribute  to  their  development. 
If  managers  understand  which  inputs  are  most  significant  to 


these  measures,  they  nay  be  able  to  control  their  effect  on 
the  unit's  productivity. 

Table  3  indicates  that  mission  capable  rates  are  moat 
a  significantly  affected  by  cannibalisation  rates  (mar3), 

awaiting  maintenance  and  awaiting  parts  discrepancies  (msr4 
and  msr5)  and  average  poaseaaed  aircraft  (msr6). 
Additionally!  maintenance  scheduling  effectiveness  is 
affected  most  significantly  by  the  number  of  discrepancies 
awaiting  parts  (msr5).  These  measures  are  indicated  by  the 
models  determined  to  be  the  third  and  fourth  moat 
significant  models  in  the  table.  When  these  relationships 
are  combined  with  those  identified  in  the  manhour  per  flying 
hour  model,  a  more  complete  model  emerges.  The  R  square  and 
global  F  values  are  not  as  strong  for  these  models  as  for 
the  manhour  per  flying  hour  model  which  substantiates  the 
supposition  that  other  measures  contribute  to  the  overall 
output  from  a  subordinate  level. 

Figure  5  shows  the  logical  model  resulting  from  this 
analysis  in  comparison  to  the  a  priori  logical  model. 

Further  piecewise  additions  to  this  model  would  seem 
inappropriate  due  to  the  rapidly  decreasing  statistical 
■  significance  of  the  regression  models  produced  and  an 

absence  of  apparent  rationale  for  how  these  models  relate  to 
each  other  or  to  the  overall  model  produced  thus  far.  The 

a 

final  logical  model  exhibits  the  three  output  measures  most 
iignif leant  from  among  the  seven  shown  a  priori.  Four  of 
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the  original  five  inputs  remain.  Understanding  which 

outputs  are  most  significant  and  identifying  the  # 

contributing  inputs  say  enable  the  maintenance  manager  to 

more  effectively  focus  on  areas  which  enhance  productivity.  p 


Figure  5  Comparing  the  A  Priori  Model  With  The  Final 
Logical  Model  for  MAC  Aircraft  Maintenance  Units 


SUBBflry 

The  research  conducted  to  support  this  study  provided 
significant  insight  into  productivity  measurement  in  MAC 
aircraft  maintenance  units.  MAC  requires  each  unit  to 
publish  a  monthly  maintenance  digest  containing  at  least 
seven  managesent  reports.  Each  unit  publishes  additional 
reports  according  to  local  concerns  and  includes  them  with 


the  ones  required  by  MAC.  These  reports  sre  collectively 
viewed  ss  productivity  indicators  and  used  for  trend 
analysis. 

Thirteen  of  the  aost  coaaonly  used  productivity 
measures  were  chosen  for  statistical  analysis.  An  a  priori 
logical  model  was  developed  to  explain  the  currently  assumed 
associations  of  the  measures  as  they  relate  to  maintenance 
productivity.  The  assumed  associations  of  the  measures  were 
largely,  but  not  completely  supported  by  the  statistical 
analysis.  Regression  models  were  developed  to  isolate  the 
measures  which  best  explain  productivity  as  defined  by  the 
DOD  and  stepwise  elimination  reduced  the  contributing 
measures  to  those  most  significant.  A  combination  of  three 
regression  models  produced  a  revised  overall  productivity 
model. 

Chapter  VI,  Conclusions  and  Recommendations,  will 
further  explain  the  outcome  of  this  research.  Based  on  the 
literature  review,  responses  to  interviews,  and  statistical 
analysis,  conclusions  are  drawn  and  recommendations  made. 
Also,  suggested  topics  for  further  research  in  the  area  of 
aircraft  maintenance  productivity  are  addressed. 
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VI*  Conclusions  and  Recommendations 


Introduction 

This  research  effort  was  undertaken  to  explore 
productivity  aeasurement  in  aircraft  maintenance  units, 
specifically  focusing  on  the  Military  Airlift  Command.  This 
chapter  details  the  conclusions  drawn  from  the  findings  and 
analysis  of  the  research  questions  presented  in  chapter  one. 
The  conclusions  are  based  on  effective  compliance  with 
regulatory  guidance  as  well  as  integration  of  current  DOD 
productivity  measurement  methodology  with  industrial  trends. 
Further  discussion  of  the  conclusions  provides  additional 
insight  into  the  problems  faced  by  MAC  in  the  effective 
measurement  and  management  of  aircraft  maintenance 
productivity.  Additionally,  the  current  trends  in 
productivity  management  as  discussed  in  the  background 
chapter  are  briefly  applied  to  the  research  findings. 
Recommendations  are  made  for  the  improvement  of  productivity 
measurement  in  aircraft  maintenance  units  and  for  future 
research  to  be  conducted  in  this  important  area. 

CfinslMllgli* 

1.  Aircraft  maintenance  managers  in  MAC  are  not 
familiar  with  the  Air  Force  guidance  concerning  productivity 
measurement.  Therefore,  measurement  methods  and  application 
are  inconsistent  and  do  not  support  the  intent  of  the 


♦  Productivity  Improvement  Program  for  the  Federal  Government 

as  directed  by  the  President. 

^  2.  The  seven  reports  required  by  HACR  66-1  Volume  II 

for  inclusion  in  the  monthly  maintenance  digests  of  each  MAC 
wing  were  used  as  sources  for  productivity  information  in 
this  research.  However,  there  are  no  specific  productivity 
indices  for  aircraft  maintenance  in  use  in  MAC.  Instead, 
the  information  reported  is  used  together  as  a  kind  of 
multi-factor  measure  of  performance  in  general.  The 
significance  assigned  to  each  measure  in  performance 
evaluation  is  not  consistent  among  the  wings  and  there  is  no 
clear  guidance  in  this  regard  established  from  within  the 
Major  Command. 

3.  Each  wing  gathers  data  and  reports  information  in 
addition  to  that  which  is  required  by  MACR  66-1.  These 
reported  measures  may  indicate  the  information  important  to 
the  local  maintenance  managers.  The  application  of  these 
measures  to  the  productivity  management  of  a  wing  is  not 
dictated  by  MAC.  However,  these  measures  are  included  in 
the  digest  forwarded  to  the  numbered  Air  Forces  and 
headquarters . 

4.  The  nature  and  strength  of  the  relationships  among 
the  measures  implemented  by  aircraft  maintenance 
organizations  are  not  readily  apparent.  There  is  no 
regulatory  guidance  available  to  managers  for  critical 
interpretation  of  these  relationships  as  they  apply  to 
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productivity.  Therefore,  emphasis  placed  on  management 
initiativea  as  a  result  of  the  information  yielded  by  these  * 

measures  may  be  inconsistent  with  the  intent  of  the  Air 
Force  Productivity  Improvement  Program.  This  research  t 

attempts  to  establish  the  nature  and  strength  of  the 
relationships  in  the  absence  of  regulatory  guidance.  The 
results  of  this  effort  were  presented  in  Chapter  V,  Findings 
and  Analysis. 

5.  Of  the  thirteen  measures  evaluated,  eight  produced 
the  strongest  explainable  model  reflecting  maintenance 
productivity.  Manhours  per  flying  hour  was  the  predominant 
output  when  viewed  as  a  result  of  the  influence  of  mission 
capable  rates  and  maintenance  scheduling  effectiveness. 
Cannibalization  rates,  delayed  discrepancies  (both  awaiting 
parts  and  awaiting  maintenance)  and  the  average  number  of 
possessed  aircraft  were  the  inputs  which  which  appeared  to 
contribute  most  significantly  to  mission  capable  rates  and 
maintenance  scheduling  effectiveness.  By  understanding  the 
relationships  among  these  measures  and  monitoring  their 
interaction,  a  manager  may  be  better  able  to  positively 
influence  a  maintenance  unit’s  productivity. 

Further  Mismilan 

Current  Productivity  Management.  As  stated  in  the 
first  conclusion,  MAC  maintenance  managers  are  not  familiar  4 

with  the  Air  Force  guidance  concerning  productivity 
measurement.  Although  they  recognize  a  need  for  managing 
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issues  of  both  efficiency  and  effectiveness,  for  the  most 
part  they  are  concerned  with  mission  effectiveness  only.  In 
the  worde  of  one  DCM,  "The  bottom  line  is  providing  the 
airframes  necessary  to  launch  the  required  missions  on 
time." 

There  is  not  a  clear  method  for  relating  the  various 
productivity  measures  to  an  evaluation  of  the  overall 
performance  of  a  MAC  wing.  Although  MACR  173-1  specifies 
the  standards  for  particular  measures,  there  is  no  current 
guidance  for  viewing  the  relationships  of  the  numerous 
measures  used  in  the  command  and  the  assumed  associations  of 
the  measures  are  not  fully  supported  by  the  quantitative 
analysis  of  this  research.  Instead,  non-intuitive 
associations  emerge  for  consideration  in  the  evaluation  of 
maintenance  productivity. 

There  is  not  a  standardized  method  to  evaluate 
maintenance  productivity  as  defined  by  the  Air  Force.  The 
effectiveness  measure  used  most  often  is  departure 
reliability.  It  not  only  impacts  the  operational  mission, 
but  this  research  suggests  it  also  contributes  significantly 
to  a  unit's  ability  to  meet  the  maintenance  schedule.  If 
aircraft  depart  homestation  on  time  and  continue  through  the 
enroute  system  as  scheduled,  their  timely  return  to 
homestation  allows  the  maintenance  schedule  to  proceed  as 
planned.  This,  in  turn,  contributes  to  the  preventive 


maintenance  effort  necessary  to  provide  reliable  aircraft  to 
the  user. 

Mission  capable  rates  have  been  identified  by  the  DOD 
as  the  measure  of  a  maintenance  unit’s  effectiveness  which 
should  be  standardized  across  commands.  It  is  the  measure 
used  to  Justify  spare  parts  acquisition  for  the  weapon 
systems  and  is,  therefore,  of  great  concern  to  the  Major 
Commands.  This  research  suggests  that  a  high  mission 
capable  rate  contributes  significantly  to  a  unit's 
productivity  as  measured  by  manhours  per  flying  hour. 

Efficiency  is  a  secondary  concern  to  many  unit  level 
maintenance  managers.  Because  of  the  perception  of 
unlimited  resources  available  through  ACIF  funding,  budget 
concerns  are  minimal.  Instead,  efficiency  is  viewed  in  the 
context  of  quality.  Maintenance  air  aborts  seem  to  be  the 
quality  indicator  most  significant  to  Major  Command  level 
managers,  while  wing  Maintenance  managers  are  also  concerned 
with  repeat/r*occurring  discrepancies. 

Product.  _cy  measurement  methodology  in  the  DOD  remains 
consistent  until  it  reaches  the  major  command  level.  Both 
the  DOD  and  Air  Staff  measure  productivity  in  terms  of  labor 
hours  and  the  cost  associated  with  providing  defense 
services  to  the  American  public.  However,  the  major 
commands  do  not  report  this  Information  to  Air  Staff. 
Instead,  the  maintenance  productivity  indicator  is  reported 
as  units  processed  through  the  depots  and  subsystems 
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processed  through  intermediate  level  shops  at  the  various 

% 

wings.  This  infornation  is  reported  by  the  Air  Force 
Logistics  Command  (AFLC)  through  retrieval  of  data  from  the 

*  Maintenance  Data  Collection  System.  The  command  level 
productivity  measures  are  multi-factored  and  serve  primarily 
as  spares  level  justification  rather  than  indications  of 
performance.  The  lack  of  association  of  the  command  level 
maintenance  productivity  measures  with  the  higher 
headquarters  summary  of  manyears  by  functional  element 
creates  a  lack  of  continuity  in  the  overall  productivity 
enhancement  programs  as  outlined  in  AFR  25-3  and  DOD 
directive  5010.34. 

Application  ai  Private  Sector.  Trends  to  Raiaarch 

Findings.  The  relationships  among  the  measures  Identified 
by  this  research  can  be  viewed  from  the  perspective  of 
Ooldratt’s  Theory  of  Constraints.  Because  the  periodic 
maintenance  schedule  must  be  met  before  aircraft  are 
considered  mission  capable,  these  scheduled  maintenance 
activities  can  be  identified  as  the  constraint  in  the 
process  of  providing  mission  capable  aircraft  to  the  user. 
The  maintenance  manager  must  decide  how  t.o  exploit  this 

*  constraint.  In  other  words,  how  can  the  maintenance 
schedule  Le  most  effectively  met  without  changing  the 

«  existing  flow?  Once  this  question  has  been  answered  all 

activities  could  be  subordinated  to  maximising  the  flow  of 
aircraft  through  scheduled  maintenance  activities.  Ooldratt 
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defines  productivity  as  all  the  actions  that  bring  a  company 
closer  to  its  goal  (38:58).  If  the  goal  of  an  aircraft 
maintenance  unit  is  to  provide  a  service  to  the  user, 
manhour  per  flying  hour  may  be  the  best  measure  of  all  the 
activities  undertaken  to  meet  the  goal.  Having  more  than 
the  required  -.lumber  of  aircraft  mission  capable  is  similar 
to  having  finished  inventory  stockpiled  in  an  industrial 
environment.  The  additional  airframes  represent  more 
manhours  expended,  but  do  not  contribute  any  more  to  meeting 
the  mission  objectives  or  "the  goal". 

Dealing's  emphasis  on  quality  as  it  affects  productivity 
is  also  relevant  to  this  research.  The  identified  quality 
indicators,  repeat/reoccurring  discrspancies  and  maintenance 
air  aborts,  are  briefed  by  exception  and  are  subject  to 
influences  from  areas  beyond  the  control  of  maintenance. 

For  example,  maintenance  air  aborts  are  highly  dependant  on 
the  aircrews.  One  crew  may  fly  an  aircraft  with  a 
malfunction  when  another  crew  would  abort  the  mission.  The 
decision  of  whether  to  abort  or  not  is  totally  up  to  the 
aircraft  coaunander.  An  increase  in  maintensnce  air  aborts 
or  repeat  reoccurring  discrepancies  indicates  a  problsm 
already  exists,  whersas  analysis  of  manhour  par  flying  hour 
rates  may  provide  information  for  preventive  action.  The 
emphasis  should  thsn  becoms  doing  things  right  the  first 
time.  Tracking  manhour  per  flying  hour  rates  in  relation  to 
quality  inspections  might  yield  a  useful  composite  measure 
of  a  unit's  productivity. 


BtfifflmndaUflni 


1 .  MAC  aircraft  maintenance  manager*  should  bacon* 
familiar  with  guidance  concerning  productivity  neasurenent 
at  the  connand  level  as  it  contributes  to  the  total 
productivity  improvement  effort. 

2.  The  MAC  supplement  to  AFR  25*3  should  be  expanded 
to  provide  specific  guidance  for  productivity  enhancement 
initiatives  for  the  airlift  environment.  These  initiatives 
should  be  consistent  with  higher  headquarters  guidance  and 
conform  to  the  intent  of  the  Productivity  Improvement 
Program  in  the  Federal  Government. 

3.  Measurement  criteria  should  be  standardised 
throughout  the  command  and  sufficiently  detailed  to  limit 
the  chance  for  inaccurate  data  reporting. 

4.  Each  wing  should  focus  on  monitoring  and  reporting 
manhours  per  flying  hours,  mission  capable  status, 
maintenance  scheduling  effectiveness,  cannibalization  rates, 
delayed  discrepancies  and  the  average  number  of  possessed 
aircraft  whan  evaluating  aircraft  maintenance  productivity. 

fiuiiHfd  -Rigftirch  Effgrl! 

Three  areas  appear  to  provide  great  potential  for 
identifying  and  enhancing  productivity  measures  for  aircraft 
maintenance  units.  First,  a  continuation  of  the  methodology 
of  this  research  in  the  other  Air  Force  Major  Commands  would 


serve  to  further  validate  the  research  findings.  However, 
any  further  research  of  this  nature  should  work  with  a 
larger  data  set.  Because  of  the  exploratory  nature  of  this 
research,  the  data  was  limited  to  a  six  month  period. 

Future  research  efforts  in  this  area  should  seek  to  obtain 
as  much  data  as  possible. 

A  second  area  for  future  study  is  the  effect  of  the 
different  base  environments  on  the  measure  of  productivity. 
This  research  indicted  that  productivity  performance  was 
highly  dependant  on  differences  among  the  bases  being 
measured.  Empirical  studies  are  warranted  to  identify  the 
characteristics  of  the  different  bases  which  contribute  to 
productivity. 

Another  area  of  study  which  would  be  very  significant 
to  aircraft  maintenance  processes  in  general,  is  an 
application  of  Ooldratt’s  Thoughtware  simulation  software  to 
the  findings  of  this  study.  The  simulation  of  a  typical 
maintenance  process  at  the  wing  level  and  the  manipulation 
of  the  subordinate  processes  utilising  the  Theory  of 
Constraints  will  test  the  validity  of  the  findings  of  this 
study  and  may  suggest  more  useful  methods  of  productivity 
management  than  those  which  are  currently  being  used. 

fiunairr 

This  research  was  undertaken  to  explore  productivity 
measurement  in  aircraft  maintenance  units  and  to  examine  the 
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relationships  of  ths  measures  used  to  evaluate  a  unit’s 
productivity.  Review  of  current  literature  and  regulatory 
guidance  concerning  productivity  measurement  provided  the 
basis  for  the  development  of  an  interview  questionnaire.  A 
questionnaire  was  administered  to  DCMs  and  chiefs  of 
analysis  at  ten  MAC  wings.  Additionally!  managers  in  the 
maintenance  management!  cost  and  manpower  divisions  at 
headquarters  MAC  were  interviewed.  Proa  these  interviews! 
information  concerning  current  productivity  measurement 
methodology  was  gathered  and  thirteen  measures  were 
identified  for  analysis.  Analysis  of  the  interview 
responses  and  measurement  data  gathered  from  six  MAC  wings 
resulted  in  conclusions  and  recommendations  for  improved 
abilities  to  understand  and  measure  productivity  in  aircraft 
maintenance  units. 
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DEFINITIONS 


The  following  definition*  apply  to  the  BoD  Productivity  Program. 

Other  ueeful  definition*  are  contained  in  the  Gloeeary  of  Term* 

in  Appendix  fc,  DoD  Manual  5010.15.1-M  (reference  (e)). 

A.  Organizations!  Element.  A  major  command  or  operating  agency 
of  a  DoD  Component,  e.g.,  Army  Materiel  Coaaaad  (AMC),  Air 
Force  Audit  Agency. 

B.  Organizational  gub-Elemsnt.  A  aubordlnat*  eeasaand  or  oper¬ 
ating  agency  of  an  organ  national  element,  e.g.,  U.S.  Any 
Ml**ile  Command. 

C.  Field  Element.  A  baae,  installation  or  depot  of  an  organlza- 
tional  *ub>« lament,  e.g.,  Letterkenney  Depot. 

D.  Agency  Productivity  Principal.  The  primary  contact  between  an 
agency  and  the  productivity  project  team  (BLS,  0KB,  GAO,  CSC 
and  the  JM1P). 

E.  DoD  Productivity  Principal.  The  individual  in  the  QASD(IAL) 
who  is  responsible  for  (1)  providing  overall  technical 
assistance  an^J  coordinating  DoD  efforts  on  productivity 
enhancement,  measurement  and  evaluation,  (2)  submitting  DoD 
productivity  data  input  to  BLS  and  the  JFMIP  end  (3)  coordina¬ 
ting,  within  DoD,  productivity  requirements  initiated  by 
other  Federal  agencies. 

F.  DoD  Component  Productivity  Principal.  The  individual  in  a 
DoD  Component  who  is  responsible  for  (i)  coordinating 
productivity  effort*  within  hie  component  and  (2)  the  timely 
preparation  of  productivity  reports  and  response  to  other 
productivity  data  requirements  levied  on  his  component. 

G.  OSD  Functional  Area  Productivity  Representative*.  Individuals 
on  the  wD  staff  who  are  responsible  for  productivity  matters 
in  their  respective  areas. 

H.  Measurable  Areas.  The  functions/operations  of  an  organisa¬ 
tional  element,  organizational  sub-element,  or  field 
element  for  which  at  least  one  final  output  and  correspond¬ 
ing  manyear  Inputs  can  be  quantified. 

I.  Won-Measurable  Areas.  The  functions/operations  of  an  orga¬ 
nizational  slement,  organizational  sub-clement,  or  field 
element  for  which  no  final  outputs  and/or  corresponding 
manyear  Inputs  can  be  quantified. 

J.  Outputs.  The  final  products  produced  or  services  rendered  in 
e  measurable  functional  arcs  by  an  organizational  alement, 
organizational  aub-elamcnt,  or  field  element. 
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K.  Input ».  The  amount  of  resources  (all  types)  utilised  or  cons\acd 
to  produce  an  output. 

!*•  Labor  Input.  The  amount  of  labor  resources  utilised  or  consumed 
to  produce  an  output. 

M*  Many ear  of  Labor  Input.  A  manyear  of  labor  input  for  this  program 
constitutes  2,080  paid  hours.  (This  lncludss  regularly  scheduled 
time,  overtime,  and  leave  time  for  all  types  of  employees.) 

N.  Measured  Manyeara.  The  total  mamyears  (civilian  and  military) 
expended  in  a  measurable  area  by  an  organisational  element, 
organizational  sub-element,  or  field  element.  Measured  manyears 
can  be  two  types: 

1.  Direct  Manyears .  The  manyears  in  a  measurable  area  which  are 
charged  directly  to  the  final  outputs  of  the  area. 

2.  Indirect  Manyears.  All  other  manyears  in  a  measurable  area  such 
as  those  expended  on  clerical,  typing,  secretarial,  supervision, 
executive  direction,  and  general  services. 

,0*  Unmeasured  Manyears.  The  total  manyears  (civilian  and  military) 

'  expended  by  an  organizational  element,  Organisational  sub. element  or 
field  clement  in  nonmeasurable  areas  (areas  in  which  no  final  outputs 
and  corresponding  manyears  of  input  can  be  quantified). 

P-  Compensation.  The  total  wage  costs  Incurred  to  produce  a  product 
or  render  a  service.  Such  costs  include  direct  payroll  costs  plus 
other  direct  wage  costs  such  as  the  Government's  contribution  for 
retirement,  social  security,  health  insurance,  and  life  insurance. 
Compensation  does  not  include  separation  costs  such  as  severance  pay 
and  terminal  leave  payments. 

Q.  Effectiveness  Measurement.  Comparison  of  current  performance  against 
pre-established  mission  objectives  (goals).  If  the  right  mission 
objective  (goals)  are  established,  effectiveness  measurement  discloses 
whether  an  activity  does  the  right  thing  at  tbs  right  time  ••  it 
compares  what  an  activity  or  group  of  individuals  actually  accomplish 
in  relation  to  an  assigned  mission. 

H.  Efficiency  Measurement.  Comparison  of  current  perfoxmance  against 
either  a  pre-established  standard  or  actual  performance  of  a  prior 
period.  Efficiency  measurement  discloses  bow  an  activity  or  group 
of  individuals  performs  during  a  current  period  in  relation  to  either: 
(l)  a  standard  established  for  a  Job  or  task  which  ttmy  have  respon- 
blllty  for  accomplishing;  or  (2)  the  level  of  performance  achieved 
for  the  Job  or  task  in  a  previous  period.  Efficiency  measurement  may 
be  based  upon  manpower,  monies  or  a  combination  of  both. 
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"ensrsl .  Productivity  reporting  to  OSD  It  an  Integral  element  of  the 
JoD  Productivity  Program.  It  it  necettery  In  order  to  tatltfy  a 
government *vld«  requirement  levied  on  all  executive  department!  ind 
agencies  and  to  provide  data  for  internal  DoD  management  purpotet. 
Specifically  each  DoD  Component  will  tubmit  annually  to  the  QASD(1&L) 
the  following  exhibit*  and  datat 

Exhibit  A  -  Sumnarv  of  Manveart  by  Organisational  Element*  -  Thit  exhibit 
will  be  used  to  recap  the  manyear  data  for  each  organisational  element  of 
the  reporting  Component.  For  the  ,fYear-end  Strength"  show  the  nianber  of 
personnel  authorised  at  end  of  FY.  Tor  the  "Paid  Civilian  Manyeart"  show 
the  manyear  data  reported  on  Exhibit  A-l  of  the  report  submitted  under  the 
provisions  of  0MB  Circular  No.  A-93.  For  the  "Measured  Manyear s"  show  the 
total  manyears  measured  (Paid  Civilian.  Military,  and  Indirect  Hire  Foreign 
Nationals)  for  each  organisational  element. 

Exhibit  B  -  Summary  of  Meesured  Manyears  by  Function  -  This  exhibit  will  be 
used  to  recap  the  measured  manyears  by  function  of  the  reporting  Component. 
The  manyear  data  for  each  function  must  agree  with  the  data  reported  on 
Exhibit  C  for  each,  function. 

Exhibit  C  -  Input /Output  Data  -  This  exhibit  will  be  used  to  report  quantl» 
tstlvc  Input/output  datp.  A  separate  exhibit  will  be  prepared  for  each 
function  covered  by  productivity  measurement. 

T  r  figjfilittU  on  of  Indicators  -  This  exhibit  will  be  used  to 

.ibe  new  indicators  established  during  a  reporting  period  and  to  revise 
tii«  description  (as  necessary)  of  any  indicators  reported  in  a  prior  period. 

Exhibit  D  -  Revision  of  Inout/Outout  Data  Submitted  in  Prior  Years  -  Thie 
exhibit  will  be  used  to  report  changes  in  Input/output  data  which  were 
submitted  in  a  prior  year  and  the  reasons  necessitating  the  change. 

Exhibit  E  -  Productivity  Data  Verification.  Analysis  and  Outlook  -  This 
exhibit  will  be  used  to  report  (1;  whether  the  agency  productivity  listing 
(provided  from  BLS  databank)  is  correct.  (2)  whether  the  productivity 
indices  are  representative,  and  (3)  the  productivity  outlook  for  the  future. 
A  separate  exhibit  will  be  submitted  for  each  function. 

Exhibit  E-l  .  Chants*  Required  in  BLS  Listing  -  This  exhibit  will  be  used 
to  report  changes  which  should  be  made  in  the  BLS. data  bank. 

Exhibit  E-2  «  Productivity  Analysis  -  This  exhibit  will  be  used  to  explain 
productivity  indices  which  are  not  considered  representative  and  to  describe 
factors  which  caused  either  an  increase  or  decrease  of  more  than  3%  in 
productivity. 
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II*  Reporting  Put  Dates.  Ekeh  DoD  Component  will  adhert  to  tht  following 
due  date*  for  submission  of  exhibits  and  dstat 

Exhibit  Put  Dett 

A  4  B  120  days  after  end  of  FY 

C,  C-l,  &  D  90  days  after  end  of  FY 

E(  E-l,  &  E-2  21  days  after  receipt  of  Agency  Listings 


Attachnenta  -  8 

1.  Exhibit  A  -  Summary  of  Manyeara  by  Organisational  Element 

2.  Exhibit  B  -  Summary  of  Measured  Manyeara  by  Function 

3.  Exhibit  C  -  FY  197_  Input/Output  Data 

Exhibit  C-l  .  Description  of  Indicators 

5.  Exhibit  d  -  Revision  to  Enput/Output  Data  Submitted  In  Prior  Years 

5.  Exhibit  E  -  FY  197_  Productivity  Data  Verification,  Analysis,  and  Outlook 

7.  Exhibit  E-l  -  Changes  Required  In  BLS  Data  Bank 

8.  Exhibit  E-2  -  Productivity  Analysis 


s  BY  iMIZATlOWAL  ELEMENT 


5010. 3«»,  Aug  4,  ?5 
(Att  1  to  &>cl  k) 
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EXHIBIT  B 

rumurr  or  kxaiuub  Numi  it  rwcnoM 
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Ttarsgaar 

Pineal  Tiu  1S1_ 


rwctiow 

JESi  _ _ Hill 


7TTT 


nwun 


Qlntt  lilt* 


TK41  civilian  HilUia  loc-ttto  Jauatto 


A.  MMcil 

1  •  sotpiteli 
I  •  Cllnica 

I.  CeronunUatlon* 

1  •  Mt*  C«m/McitlOM 

2  -  MIimi  Canulenlini 

C.  Accounting,  rininti,  Auditing 

1  «  Iim  Acctg  *  finance 

2  >  Central  Acctg  A  iIMKi 
)  a  Internal  Audlltlng 

A  a  Contract  Auditing 

O.  (ducat ton.  Training,  Paraonnel 

Management 

1  a  rroiaitional  (ducat (on 

2  a  Dependent  Education 

3  -  Military  Training 

*  •  Civilian  Person not  Mgt. 

3  a  Military  Paraannol  Mgt. 

t.  Leg tat  Ice  1 

l  •  Local  Procurement 
3  •  Central  Procurement 
)  -  Contract  AAelnratratlon 
-  Local  Tranapottetlon 

•  Depot  Tranaportation 

•  tingle  Manager  Trane. 

/  •  Motor  Vehicle 

Operationa 
1  -  Local  Supply 

*  •  Depot  Supply 

10  •  Inyaarpry  Control 

11  a  Irtarmedlate  Maintenance 

12  a  Depot  Maintenance 
1}  a  Motor  Vehicle 

Maintenance 

la  a  Seal  Property  Melnt. 

1}  a  Dining  Pacllltlao 
It  a  Connie  aery  Operationa 
IT  •  Laundry  and  Dry  cleaning 
II  a  Printing 

P.  tpeclallaad  Manufacturing 

1  a  Map, 

2  «  Clothing 

3  •  Weapon* 

A  a  Munition! 


C.  Other 

1  -  Panomal  Security 

2  •  Par  tonne  1  Support  A  Adalo. 


EXHIBIT  C 

FY  197  INPUT/OUTPUT  BATA 
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U)eD  Component) 


(Function  •  Numb* I  and  Title) 


A*  Direct  Manyeara 
Indicator 


Output  Manyear 

Quantity  Input a 

(000)  (5351 


aanaatlon 

(OOOl 


Total  Dlract  Manyeara  _ _ 

B*  Indirect  Manyeara 

C*  Total  Manyeara  ’« 

D.  Breakdown  of  Manyeara 

1*  Paid  Civilian  Manyeara 

2*  Military  Manyeara 

3.  Indirect  Hire  Foreign 
National  Manyeara 

Total  Manyeara 

E.  Other  Data 

1*  Did  any  algnlf leant  quality  or  proeaaa  change a  occur 
during  the  yearT 

2*  Vara  there  any  major  capital  axpandlturaa  during  the 
year  which  Impacted  on  current  year  performance! 

3*  Did  ary  algnlf leant  product  mix  ehangaa  occur  during 
the  year? 

4*  Did  any  algnlflcant  change  In  the  ratio  of  workload 
performed  Inhouae  to  contracted  out  occur  during  the 
year? 

NOTEi  Provide  a  complete  explanation  for  each  "yea"  an ewer. 
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DESCRIPTION  OF  INDICATORS 
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Indicator 


(DoD  Consonant) 

(Function  -  Number  and  Title) 

_ Deter lot Ion 


0 
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EXHIBIT  8 

n  197  PK0WCT1YITY  DATA  V«tridATIOW. 
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(Att  i  to  Enel  It) 

ANALYSIS  AMD  OUTLOOK 


(pod  component) 


(Function  -  Ninbir  and  Tide) 


Productivity  Pate  Verification 

1.  Doe*  the  Seta  shown  on  the  Agency  Productivity 
Listing  agree  with  Exhibit  C  data  as  submitted? 
If  "no"  complete  Exhibit  E-l. 

frgflMctlyHYJtoiliHi 

1.  Totel  manyeex  Productivity  Index 

Currant  Yr.  Prior  Yr.  Change 


1 

2.  Is  the  "Current  Year"  Index  representative  of 
the  productivity  trend  for  this  function. 

If  "no"  or  if  the  change  exceeds  5%  (either 
Increase  or  decrease)  complete  Exhibit  E-2. 


c. 


Productivity  Outlook 


1.  Productivity  goal  for  next  year  . 

2.  Irlefly  describe  (a)  actions  underway  or  planned  to  increase 
productivity  during  the  next  year  and  (b)  known  factors  which 
will  influence  the  productivity  of  this  function  during  the 
next  year. 
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CHANCES  UflPllMf  IW  gLS  DATA  SANK 
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(OoD  Consonant) 


(Function  -  Ntaabar  and  Titla) 

A*  Agency  Hating  not  in  agraamant  with  Exhibit  C.  ftavlaa  at  follovai 

Output  Input  Ccmoaniatlon 


lim 


tSM 


B.  Currant  Yaar  Exhibit  C  data  lncorraet.  Saviaa  aa  follovai 


1 


Input 


Ccroanaatlon 


ndlcator 


from 


To  £UQ 


To  From 


»a^ton  for  Chansti  (Frovlda  Conclaa  Explanation) 


* 
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EXHIBIT  E-2 
MOPUCTIVITY  ANALYSIS 


(DoD  Component) 


(Function  -  Ntaooer  and  Title) 


a.  infix 


Direct  Hanyaar  Productivity  Index 
Total  Manyear  Productivity  Index 


B.  Productivity  Analyala 

t.  Are  the  "current' year"  lndaxea  repreaentatlve  of  the 

productivity  trenda  for  the  function?  ^  ^ 

If  "no"  provide  conclae  explanation. 


TnoT 


2.  Briefly  deecrlbe  the  factora  or  conditiona  which  cauaed  a  productivity 
changa  of  more  than  5%  during  the  current  year. 


» 


* 
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A4  Buadardai 


pradirtlya. 

•  than  10 SDa. 


akodd  ko  N  far 


AMS.  laatraatfaaa  far  Praaartef  Ik*  BCt;  MAC- 
LOMCM)  7106  Plow  mi  IMi&f  to  OP*  far  tkte  laaorV 
Tba  report  ooautiata  of  tkroa  porta.  A  aoapla  faraat  fafiowa 
thia  attockaoaat-  Part  I  provtdaa  tka  viafi  rarwanaiaadad 
maiotaoanca  oommluoant  for  tkr  dui  Una  aooatka.  Part 


II  U  wbara  tba  unit  will  Identify  projaetad  problem  mu 
tkat  my  kfkri  wltk  tkair  ahflJty  to  aa— U  tka  goal  air- 
frasaa  aod  what  aaalaUaee  say  U  aurlid  Part  Ill  ia  a 


Mom 


HIM  fcDnk|  i 

Iff  |nl|  fqf  MMntlU  9 

80%;C-141  •  78%:  C-ISO  •  10%  awtflf, 
88%  vaakaod/hoUdajr.  «ad  1  SOW.  H4S  - 
•0%  weekday,  80%  waak«d/bekday.  Tkaaa 
raprvaaat  tka  paraaeUfaa  of  poaoaaoad  air 
kaaaatkatakouldbaaaBMUtUbia  FTvapw- 
east  akodd  ba  addad  to  tka  above  |oaia  for 
MOparaUooa/KHQ  <klfhar  haadquartara) 
tooled  aparea,  opardkna  groord  traiaare, 
Air  Traiataf  Coaamaad  ftaidtraid&d  datech- 
maote  far  mafatmusao  training,  or  to  otkar 
rmaiatananaa  agenda*  to  ocw-flyiag  r» 


NOT*:  448  MAW  wffl  ao*  admit  Ihto  report. »  AP 


1  SOW)  will  aa* 


NOTCi 


Report*  wffl  ba  aaat  to  ante*  at  NAP/LOM 
and  HHQ/LOM  aa  talar  tkaa  tka  eaaaath 
day  of  tka  month.  If  aonpliaBoa  la  aat  pee- 
afbto.  tolapkaaically  advfao  MAP/LOMef 
raaaoa  for  daiay-  NAP  adviaa  HHQ/LOM  of 
any  tcaaonafaracmecapllaMoby  thaato 
day  of  the  aonth. 


NOT*: 


NAP/LOM  to  aettoa  OPR  for  all  i 
tequaoU  RanBaeto  far  aaatatanoo  wffl  b*  auto 
aittod  by  MAC  NAP  to  tka  appropriate 
HHQ  LG  MM  aa  a  i 


A.  PortL 


1. 


Ittaktoato- 


>  par  day  for  the  firat  aonth  af  the  reporting  parted. 

NOT*:  Include  tka  calendar  daya  aad  flgntao  for  aB 

of  tka  Brat  month.  lncfeda  weekend*  aad 

holiday*. 

Uaao  AlAAi  Cahndar  daya. 

Usaa  B/BB:  Adjuatad  projaetad  poaoaaaad  aircraft  deter- 
1 1AW  APR  88-1 10.  If  appUeakto,  do art  tochtda  TP 
I  aircraft  hat,  ar  to  Part  Ill. 


1.  fOONUS  write)  Subtract  d*ploytng »  I _ 

arafl  and  on*  ROTE  *p*ra  from  poaaaaaad  three  workday* 
prior  to  aehodalad  dapartara 
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Chapter  t 

COMMAND  MANAGEMENT  ITEMS  AND  PERFORMANCE  STANDARDS 

Putpoee:  Thia  chapter  idmtiftw  the  eomxiami  nnuinwt  tame  which  in  Ik*  baaia  for  Ik*  MAC  Management  Sye- 
Uib.  An  integral  part  of  tkia  chapter  ia  tba  aUadaraa  which  provide  the  maana  (or  determining  performance  Wvola  nd 
autua  of  key  reeourcoa.  C leapt  (or  the  miaeloo  performance  management  Kami  which  have  joint  oporatioaa,  logiatieo. 
and  air  traiuportation  OPRa,  iiasa  are  arranged  functionally. 

I  ton  No  1*1— HOME  STATION  DEPARTURE  RELIABILITY 


*.  Raw 

b.  Traoaportetioe 
c  Opwationa 
d.  Logiatieo 

HQ  MAC  OPRa:  DOOLOMW/TRKM 
HQ  MAC  OCR:  DOCB 

PURPOSE:  To  monitor  the  oparationa!  mieaioe  depart  on  reliability  from  home  autione.  Thia  providao  a  method  tom*  aa 
ura  and  evaluate  loflatica  reliability  of  aircraft  performance,  oupport  capability  for  operational  -»4— and  aiitraw,  tronr 
portation.  and  oparationa  enter  function  a.  It  alao  oopplioa  o  oaair  for  doririona  on  airframe  management. 

SOURCE  OP  DATA  Military  Air  Integrated  RoporUag  Syatam  (MAlRSVAirtlft  Implementation  and  Monitoring  Syr- 
Uiao  (AIMS). 

1 

BASIC  DIRECTIVE:  MACR  00-4.  vnhimo  III. 

F*‘  *  LUATION  CRITERIA:  All  C4.  C-141,  C-180,  or  operational  anpport  abtih  (OSA)  departure  mealing  tba  lolkwiag 
i  are  iadudod  ia  thia  item. 

The  miaoioa  typo  no  defined  by  the  oacead  character  of  the  mlaaion  idmtifior  prefix  moat  be: 

U)  Chennai  (B.  K,  Q.  L,  N.  J,  V)  or 
(21  8AAM  (W.  A)  or 

(3)  Eiardee,  JA/ATf  (M,  R)  or 

(4)  MiaceUanoooo  (D,  H,  0). 

b  The  departure  elation  muat  bo  the  oparotor'o  (ualt'e)  homo  otaUoa. 
c-  The  departure  atation  cod*  muat  be  aa  “0”  or  "F\ 

d  Ei  option  OS  A  doparturoo  with  the  firot  character  of  tha  mieaioe  identifier  auffix  equal  to  “2"  or 'T*  ore  aochidad. 
o.  The  third  character  of  the  miaaiao  idmtifior  prefix  muat  bo  alphabetic 

EVALUATION  PERIOD:  Monthly. 

MAC  STANDARDS: 


ffittgBLtttSg 

EicaSant 

10043.0 

Satlafictarr 

•twO 

MmMm) 

U  471.5 

Uaaatiafactory 

fSSmjTr^ 

TranaportaUoe 

10040.0 

07.040.0 

00.040.0 

Below  004 

Oporotiona 

10040.0 

-  07.040.0 

90.0-00.0 

Below  00.0 

Logiatieo 

10044.0 

00.0474 

•0.0404 

Below  004 

C-141  Homo  Station 

Raw 

10040.0 

04.047.0 

09.944.0 

Below  04.0 

Tranoportotim 

10040.0 

97.040.0 

•0.0404 

Below  00.0 

Oporatioaa 

10048.0 

n  .046.0 

•0.040.0 

Baiow  00.0 

Logiatieo 

10040.0 

04.0404 

Sf.049.0 

Below  004 

C-13C  Homo  Station 

ROW 

10040.0 

00.040.0 

•4.0-774 

Below  774 

T  'aortoUon 

10040.0 

•7.040.0 

•0.0-00.0 

Below  00.0 

Iona 

10040.0 

07440.0 

•0.040.0 

Below  00.0 

lea 

10040.0 

00.040.0 

•7.044.0 

Below  14.0 
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•0 


b.  Either 

(II  Th*  departure  station  coda  ia  “C’,  "D",  **R".  MS",  “If,  or  MJ*\  or 

(3)  Tba  departure  Motion  coda  ia  "0"  or  "P"  aad  tba  departure  station  to  not  tha  operator'*  (unit's)  boas*  atotloa. 

c.  Tba  third  char  actor  at  tba  wlaatoo  IdanUflar  profix  soot  bo  alphabetic 

EVALUATION  PERIOD;  Monthly. 

DEFINITIONS: 

a.  C-6,  C-141,  tad  C-180:  En  routo  rail  ability  performance  ia  measured  at  aaeh  oa  roota  lUtha  by  type  aircraft,  lbaao 
raliabUity  avaluatioea  rapraaaat  m  rowta  atatioo  pwformanc*  by  typo  atmft. 

MAC  STANDARDS: 


C-6  Route  Station* 

Raw 

Excellent 

iflMS.y 

Satisfactory 

fiWTF1 

Marginal 

smrs 

Tranaportatioo 

100-93.0 

97.393.0 

96.993.0 

Below  934 

Oparationa 

100-93.0 

•7.194.0 

98.993.0 

Below  91.0 

Logiatica 

10091.0 

•0>77.0 

73.9-739 

Below  734 

C-141  Eo  Route  Stations 
Raw 

10093.0 

M.  9-33.0 

33.9-774 

Below  774 

Transportation 

10093.0 

•7.993.0 

96.996.0 

Below  96.0 

Operation* 

100-93.0 

97.993.0 

96.996.0 

Balow  96.0 

Logiatica 

10097.0 

13.990.0 

39.9974 

Below  874 

^130  En  Route  Station* 

10093.0 

•6.941.0 

10.9764 

Balow  76.0 

Transportation 

10098.0 

•7.993.0 

96.996.0 

Balow  96.0 

Oparationa 

100-98.0 

37.993.0 

96.9964 

Balow  93.0 

Logiatica 

10098.0 

91. 949.0 

•3.9464 

Balow  86.0 

IMPUTATION:  Ea  routo  aUtioa  departure  raliabUity  will  bo  computed  aaparatoly  for  oacb  functional  category  lopora- 
tranaportatioo.  logiatira,  and  raw)  by  aircraft  typa. 

Operation*.  tranaportatioo,  and  logiatica  rail  ability  will  ba  computed  aa  follow*: 

Total  En  Route  Station  Dap  -  No.  Functional  Dor  by  Trot*  X  100  %  RaliabUity 

~  Total  Rollout*  Station  Departure* 

•Operation*  daviationa  ora  thorn  eodad  XXX  with  an  X  prefix. 

Tranaportatioo  daviationa  aro  thoaa  eodad  IXX  with  aa  X  prefix. 

Logiatica  deviatiooa  aro  thoaa  eodad  7XX  IXX.  or  IXX  with  an  X  prefix. 

Raw  dopartura  reliability  will  ba  competed  aa  fallow «: 

Total  Ea  Route  Sta  Dap  •  Total  Ea  Route  Sta  Dav**  X  100  ■  %  Raw  RaliabUity 
total  tn  Route  Station  Departures 


••Total  aa  route  atatioo  daviationa  inciuda  operations,  tranaportatioo,  aad  logiatica  daviationa,  phi*  miscellaneous  davia¬ 
tiona  and  miaaioa  required  delay*. 

•  Miaoallaaoou*  daviationa  are  thoaa  eodad  IXX  with  aa  X  prefix. 


•  Miidoo-requlred  dal ay*  are  thoaa  ceded  100  with  aa  X  prefix  and  are  directadVaUdatad  by  MAC  NAP  or  HQ  MAC 
(ALCC  (or  tb**tar  aaaign*d  aaaata),  aa  aaoaaaary,  to  Improve  overall  MAC  miaaioe  execution.  Delay*  eodad  600  will  ba 
included  is  MAC  NAP  aad  MAC-wida  ayataea*  reliability  figures,  but  eouat  aa  "ew-ttma”  dapartnrea  ia  Individual  dspar- 
ture  atatioo  reliability  figures. 


UNITS  EVALUATED.  10. 12, 13.  433,  437,  433,  441  ItAWs;  324, 127,  374, 433,  433.  Ill  TAWa***:  til.  323  TAOa; 
6»«  MAO;  310  MAS. 


3  TAW  pmvidoa  til  TAO  reporting  tbrmub  ecnaclidated  i 
STATIONS  EVALUATED.  Ail  m  route  at  ,  aaited  by  MAC  alsoine  4dm  lifted  aircraft. 


r 
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OSA  Home  Station  (Detachment) 

Tr  exportation 

Operations 

LofiaUca 


1 


100-M.O 

100-96.0 

lOO-M.O 


ww* 

97.946.0 

•7,946.0 

•7.944.0 


96.946.0 

•6.046.0 

U.M1.0 


aesss” 

Btla*  06.0 
Balo*  96.0 
B4o«  92.0 


COMPUTATION:  Hocm  elation  departure  reliability  wffl  1 
lion*.  traneportaUon,  logietke,  and  raw)  by  aircraft  type. 

Operations.  tr  exports  lion,  aad  logiattea  reliability  wffl  ba  < 


separately  far  aeeh  functional  category  (opera- 


aa  follows: 


Total  Horn*  Sutton  Pap  -  No.  Functloca)  Dav  br  Type*  X  100  ■  *  RsUabttty 
Total  Horn#  Station  Departures 

Raw  dapartura  raliabOity  wffl  ba  romputed  aa  follow  a: 

Total  Hotna  Station  Dap  •  Total  Home  Statue  Dav**  X  100  •  %  Raw  RaUabOity 
Total  Hobo  9535  Departures 

*Oparationa  daviatiooa  arc  tboaa  eodad  6XX  with  aa  X  prefix. 

Traarportatioa  daviatiooa  art  tboaa  eodad  6XX  with  aa  X  prefix. 

Logfiiica  daviationa  are  tboaa  eodad  7XX,  6XX.  or  OXX  aritb  aa  X  prefix. 

••Total  homa  elation  daviationa  Include  operations,  traaaportaUoe.  aad  logiatka  daviatiooa.  phia  miaeaQaaeoua  devia¬ 
tion*  and  mission  required  delay*. 

•  Miaoallaneoua  daviationa  an  tboaa  coded  IXX  with  aa  X  prefix. 

•  Minion-required  delaya  an  tboaa  eodad  600  with  an  X  prefix  aad  an  dimetedVabdatad  by  MAC  NAP  or  HQ  MAC 
(ALCC  for  thaatar-aaaigned  aaaeta).  aa  naeaaaary.  to  improve  overall  MAC  mission  axacutko.  Delay*  coded  600  arffl  be 
included  in  MAC  N AF  and  MAC-wide  ayeteou  reliability  figune,  but  count  aa  “eu-time”  departure*  in  individual  depar¬ 
ture  Italian  nliability  figures. 

UNITS  EVALUATED:  60.  62.  63.  436.  437. 436.  443  MAWs;  614. 117,  974.  436,  463.  613  TAW#***;  116.  616  TAG*; 
310  MAS;  616  MAO;  376  AAW;  OSA  uaite. 

•••613  TAW  providaa  318  TAO  reporting  through  oonaolidited  command  poet. 

Item  No  1-2-EN  ROUTE  STATION  DEPARTURE  RELIABILITY 

a.  Raw 

b.  Traarportatioa 

c.  Operation* 

d.  Logiatka 

HQ  MAC  OPR*  DOOLOMW/TR 

I’UKPOSE  To  monitor  the  operational  miaiioe  dapartura  nliability  from  as  route  atatteaa.  TW*  providaa  a  method  to 
maaeun  and  evaluate  logiatka  reliability  of  aircraft  performance,  rapport  capability  for  operational  missions,  and  air- 
craw,  tr exportation,  aad  oparaUoaa  enter  function*  It  alao  auppliaa  a  baaia  for  dadaiana  n  airframe  management. 

SOURCE  OP  DATA;  Military  Air  Integrated  Reporting  Syatem  (MAIRSV Airlift  Implementation  aad  Monitoring  Sya- 
tea  (AIMS). 


BASIS  DIRECTIVE:  MACR  66-6, 


111. 


EVALUATION  CRITERIA:  AD  C-t,  C-141,  or  C-190  departure  meeting  the  following  criteria  are  included  la  thie  item, 
a.  The  aiieion  typa  aa  defined  by  the  second  character  of  the  miaeiae  Identifier  pnfix  must  be 
(1)  Channel  IB.  K.  Q.  L.  N.  J.  V)  or 
12)  SAAM  (W,  A)  or 
(8)  Exarctea.  JA/ATT  (M,  R)  or 
14)  MlacaUanaoua  (D,  H,  O). 
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It«  No  14-04  ORIGINATING  MISSION  DEPARTURE  1ELUBILITY 
HQ  mac  OPR*  DCVLO 
HQMACOCRjDOCB 

PURPOSE!  TO  needier  tboopontfawalladca  dapartnra  nUabttty  fararlgfaattaf  04taaafaM.nfa8WoMoiOBa tbod 
U  manure  a»d  evaluate  logtttlce  r«U ability  of  alreroR  pofomma,  ooppcti  capability  for  arlgUatlat  — »  a*d  air  > 
crow  and  operaUoaa  coaler  function*.  U  olao  ooppUos  a  boot*  lor  dodatoaa  oa  Mom  — n— t 

SOURCE  OP  DATA:  Military  Air  Integrated  Reporting  870MB  (MAIRSyAbmafl  Ifl— UM11  tad  U«iMa|  Sye- 
Um  (AIMS). 

BASIC  DIRECTIVE:  MACR 1U  nkw  Ill. 

EVALUATION  CRITERIA:  C4  departune  with  tbo  eeeood  character  of  tbe  Btafaa  MntlAer  profit  aat  aqeal  to  **11”, 

“S'*.  "E”,  or  "C"  and  tbe  departun  0UU00  eodo  equal  to  “O”  or  "t"  arc  taafadod  la  tbie  Mam. 

EVALUATION  PERIOD:  Monthly. 

MAC  STANDARDS: 


Raw 

IMP 

Ban® 

Hgatefi) 

HH1.0 

Traaapaatatloa 

10041.0 

M. 047.0 

00.040.0 

Below  00.0 

Oparatioea 

10041.0 

01.0474 

00.000.0 

Below  00.0 

Logiatko 

10040.0 

08.0474 

00.000.0 

Boiow  00.0 

COMPUTATIONS:  Originating  mloeioc  departun  wBabORy  wfllbocnnpoUd  oopaeuteiy  lot  part  faarrtwaal  nlagicy  lupoi 
aUooa,  truapcrtatkm,  fagieUca.  aad  taw). 

OporaUaaa.  tnaaportatfaa,  aad  logiatko  reliability  wffl  bo  coaaputed  aa  fallow* 

Total  Originating  Man  Doo  •  No.  Faaetional  Dov  br  Tno*  X  100  ■  %  SaUahlHtr 
- - 

•Operation*  deviation*  an  tbooa  coded  XXX  orttb  aa  X  pnfl*  Traaaportatfa*  doriafioai  an  tbooo  coded  XXX  with  aa 
X  prolix. 

Lugietiea  deviation*  on  tbooo  oodod  7  XX.  «XX.  or  >XX  wttb  aa  X  prefix. 

Raw  dapartaro  reliability  wiQ  bo  computed  aa  follow* 

Total  Orta  Man  Dop-ToUl  Oria  Maa  Dor**  X  100  *  *  Raw  Rallahllity 
”  Total  Originating  Mlaaoa  Departure* 

•  "Total  origination  nloofao  deviation*  fadudo  operation*.  banopurttUcn.  ^i<^i«tw<iwUdi^|ik»»iMn.MM.aMt 
atione  aad  mtoelon  required  deity* 

•  Miacalteaeoue  deviation#  an  tbooa  coded  1XX  wttb  aa  X  prate. 

•  MUoiao  Required  Dolayo  an  tbooo  oodod  100  wttb  a*  X  prefix,  aad  an  dlractad/valldatad  by  MAC  NAP  or  HQ  MAC 

(ALCC  for  tbaatar  aaaigaed  aaaota),  aa  aaracaaiy.  to  taproot  onraO  MAC  ateaion  execution.  Dolaya  oodod  800  wfU  bo 
included  la  MAC  NAP  aad  MAC- wide  ayataaa  reliability  figure*.  tat  aooat  aa  'earttaa*  departure*  ta  ladhrtdsal  doper 
tun  otatfaw  reliability  figure* _ _ 

Itan  No  84- AIRCRAFT  MISSION  CAPABLE  (MQ  QOALS 

HQ  MAC  OPR:  LG  MM 

PURPOSE:  To  proofdo  a  aioawtngftil  meaaun  at  Bartt  far  rorfawia*  afaoraft  Mataa  rata a. 

SOURCE  OP  DATA:  RCS:  KAP  LSYQd I7IOI  (MM1C8)  and/or  HAP*LEY(M)8ft0t  (CAMS)  Statu*  Rtacrt. 
BASIC  DIRECTIVE:  APR  00-110. 

EVALUATION  PERIOD:  Moatbly. 


MAC  GOALS: 
Abouft 
04 
0141 
OllO 


•04 

71.0 

70.0 
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Structured  Interview  Questionnaire 
Productivity  in  Aircraft  Maintenance 

BgasgraBhlsai. 

Name  of  interviewee: 

Rank  or  paygrade: 

Job  title: 

Job  description: 

Organizational  level: 


Questions,; 

1.  Are  you  familiar  with  the  Productivity  Enhancement 

Program  governed  by  APR  25-3?  If  yes,  how  do  you 

see  the  aircraft  maintenance  environment 

contributing  to  this  program? 

READ  DEFINITION  OF  PRODUCTIVITY  FROM  AFR  25-3: 

Productivity  is  the  menasure  of  an  organizations 
performance.  It's  not  only  "ef f ieciency"  (  the  ratio  of 
inputs  to  outputs),  but  also  "effectiveness"  (to  what  extent 
the  output  satisfies  mission  objectives).  Put  another  way 
productivity  is  concerned  both  with  "doing  things  right 
"(efficiency)  and  "doing  the  right  things  (effectiveness) 

2.  Of  the  aspects  of  productivity  defined  by  AFR  25-3, 

which  are  you  most  concerned  with,  efficiency, 
effectiveness  or  both? 

3.  Do  you  feel  aircraft  maintenance  productivity 
measurement  is  an  important  issue?  (why  or  why  not?) 

4.  What  is  your  regulatory  guidance  for  gathering  and 
reporting  productivity  measures? 
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5.  What  methods  of  productivity  measurement  have  been 
specified  for  aircraft  maintenance  by  the  regulatory 
guidance? 

6.  Of  the  methods  specified,  which  ones  do  you  actually 
use? 

7.  If  there  are  specified  measures  not  used,  why  are 
they  not  used?  (what  are  their  weaknesses?) 

8.  Where  is  the  data  for  the  specified  measures 
gathered? 

9.  How  often  is  this  data  gathered? 

10.  To  whom  is  this  information  reported? 

11.  How  often  is  this  information  reported? 

12.  What  are  you  required  to  report  to  the  next  level? 

( be  specific ! ) 

NOTE:  the  distribution  of  the  monthly  summary  is  important 
and  the  measures  contained. 

13.  I 8  there  additinal  information  reported  which  is  not 
required?  (If  so,  why?) 

14.  Are  there  methods  of  productivity  measurement  used 
on  aircraft  maintenenace  organizations  other  than 
those  specified  by  the  regulations?  (if  so,  why?) 

15.  If  answer  to  14  is  yes  return  to  questions  9  through 

11. 

9a . 

10a. 

11a. 
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16.  At  what  point  do  the  budgetary  and  operational 
aspects  of  aircraft  maintenace  meet? 

17.  How  much  control  does  maintenace  management  have 
over  the  allocation  of  funds  for  aircraft 
maintenace? 

18.  What  affect  would  move  direct  control  of  the 
maintenace  budget  by  maintenace  management  have  on 
their  productivity? 

19.  How  do  you  use  aircraft  maintenance  productivity 
information  for  management  decision  making? 


139 


DEPARTMENT  OF  THE  A*  FORCE 


4  0M  MMIM  aOVIM* 

Control  Dmh*  H.  Cotaidy,  USAF 
Commander-In-Chief,  Military  Airlift  Command 
Scott  AFft,  Ulineit  4222S-M01 

Door  Ouonei 

Sometime  ago  I  asked  to  Me  o  comparison  of  MC  rote* 
wu  somewhat  surprised  to  too  thot  MAC  it  not  only  quite  •  bit 
SAC,  but  olio  thot,  with  tht  exception  of  tht  C*UI,  thoro  hot  boon  no  noticooblo 
improvement  tinco  FY  II.  In  foct,  tht  C-S  hot  rtmoinod  tht  tomt  ond  the  C-120  hot 
declined. 

Whet  causes  one  to  "raise  hit  eyebrow!"  U  thot  MAC  teeinin|ly  hot  to  much 
more  tomt  tor  it  then  do  either  TAC  or  SAC— thot  it,  you  hove  enjoyed  fuller  tporet 
funding,  including  OWRM,  for  o  longer  period}  you  hove  hod  AMS  for  the  C-S,  whereot 
TAC  ond  SAC  ore  |utt  now  struggling  to  Implement  the  rudiments  of  CAMS. 

I  believe  thit  iuue  it  of  more  then  juit  ocodemic  interett.  With  the  increasing 
pressure  on  the  tporet  budget  (only  40%  funded  lor  FY  It),  the  quettion  it  being  asked 
whether  full  tporet  funding  re  oily  moket  o  difference.  In  MAC*!  cote,  the  opporent 
ontwer  would  neceeoorlly  be  "No." 

I  reolixe  thot  there  ore  woyt  to  rotionollte  the  MAC  onomoly.  I  olto  om  owore, 
olier  talking  to  Don  Logeoit,  thot  MAC'S  meeoure  of  effectiveness  It  on* time 
deporturet.  However,  ot  I  eiploined  to  Don,  when  report!  get  circulated  oround  thit 
building  ond  over  to  the  Hill,  the  indi cotort  which  oppeor  ore  uniform  ecreet 
commondt  ond  gcnerolly  contitt  of  MC,  FMC,  TNMCS  And  TNMCM  (i«c.,  TM«&tM, 
TS*I*V)  ond  CANN  rote. 

According  to  Don,  MAC  boticolly  keeps  on  eircroft  in  mointenonce  tutut  from 
the  time  it  Unde  until  it  diet  again.  I  tvongly  recommend  thot  you  rethink  thit 
policy,  ot  loott  in  termt  of  how  you  record  the  time.  My  view  it  thot,  no  matter  hew 
conservative  ond  orthodox  you  might  be  with  regard  to  the  definition  of  FMC  (fully 
Mittion  Cepeble),  tuch  compunction!  need  not  apply  to  your  definition  of  MC  (Miuion 
Capable).  For  the  letter,  it  It  not  necetttry  to  hove  every  tpot  of  corrosion  repaired* 
every  teat  fully  upholstered,  ovary  routine  TCTO  mcorporoted,  etc* 

My  pice  to  Don,  end  to  you,  it  thot  you  give  tome  teriout  thought  to  thit  matter. 
Somehow  MAC  need!  to  demonttrote  In  term*  ol  the  commonly  accepted  Indi  cotort 
thot  we  hove  gotten  mere  bong  for  ell  of  the  MAC  tporet  buck!  thot  wo  hove  tpont 
otnee  FY  Si.  otherwise,  chore  ore  going  to  be  tome  long,  hot  tummert  sheet 


ULMCVU\NN.  II 
Deputy  Attr.l^U  ry 
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u; .  iCt  OF  TNI  COMMAMDID  IN  CNIBF 
MILITANT  AIAUFT  COMMAND 
SCOTT  AID  FODCI  DANK,  ILLINOIS  I122I  I001 

16  May  1**6 


Mr  Lloyd  K .  Moseeann.  II 
Deputy  Awietant  Secretary  (Lofmici  6 
Cotaeun  i  cat  ions ) 

ot  t  ico  of  tho  SLcrtury  of  tho  Air  Fores 
•Multi 09 ton*  DC  20130*1000 

Dear  Lloyd 

I  understand  your  conc«rn  in  coopering  Airlift 
perforeancu  indicetora  against  MC  rataa  to  other 
cowhands.  Considerable  eoney  ha a  Doan  expended 
to  support  aparaa  in  raoant  years.  And  m  noad 
to  show  ttiAt  tha  iepact  is  positive. 

Our  ouaaure  of  airlift  of feetiveneaa  haa  hiatori- 
cally  bean  on- ties  daparturea.  However,  following 
your  convaraation  with  Don  Logaais*  we  have  begun 
a  revive  of  MC  and  CANN  rataa  to  redefine  our 
criteria  tor  atuaauring  Mission  capability.  Don 
will  pruvwnt  Ills  findings  to  the  MAC  Council  end 
then  plana  to  bring  a  presentation  to  you  and 
tha  Air  Staff. 

We* 11  work  with  your  office  to  find  a  convenient 
tiee.  I  look  forward  to  your  thoughts. 


DUANE  H.  CASSIDY 
General.  USAF 
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Th*  Ul  lyitM 

16:47 

Thuraday 

July 

12.  1990 
1 

>2 

83 

14 

IS 

88 

87 

MONTH 

H8B1 

HSB2 

HSR3 

HS84 

0 

0 

0 

0 

0 

0 

1 

82.40 

70.80 

82.60 

6.00 

0 

0 

0 

0 

0 

0 

2 

87.80 

67.11 

48.80 

13.00 

0 

0 

0 

0 

0 

0 

3 

88.00 

74.33 

86.60 

6.00 

0 

0 

0 

0 

0 

0 

4 

80.60 

67.78 

61.80 

13.00 

0 

0 

0 

0 

0 

0 

86.20 

78.26 

61.70 

6.00 

0 

0 

0 

0 

0 

0 

8 

83.20 

78.67 

44.60 

1.00 

1 

0 

0 

0 

0 

0 

1 

32.00 

60.82 

46.60 

26.00 

1 

0 

0 

0 

0 

0 

2 

38.20 

73.11 

49.40 

19.00 

1 

0 

0 

0 

0 

0 

3 

86.80 

81.88 

43.20 

18.00 

1 

0 

0 

0 

0 

0 

4 

89.80 

84.61 

32.00 

27.00 

1 

0 

0 

0 

0 

0 

S 

84.40 

74.16 

43.00 

25.00 

1 

0 

0 

0 

0 

0 

8 

64.70 

73.39 

40.60 

23.00 

0 

1 

0 

0 

0 

0 

1 

21.90 

84.86 

48.10 

16.32 

0 

1 

0 

0 

0 

0 

2 

28.88 

88.07 

89.31 

12.26 

0 

1 

0 

0 

0 

0 

3 

26.08 

83.60 

70.71 

16.04 

0 

1 

0 

0 

0 

0 

4 

26.18 

88.09 

82.82 

18.40 

0 

1 

0 

0 

0 

0 

S 

26.64 

84.23 

55.28 

18.71 

0 

1 

0 

0 

0 

0 

8 

24.02 

83.89 

38.65 

18.25 

0 

0 

1 

0 

0 

0 

1 

21.10 

80.93 

18.40 

9.30 

0 

0 

1 

0 

0 

0 

2 

19.30 

83.30 

17.60 

9.50 

0 

0 

1 

0 

0 

0 

3 

20.60 

81.61 

23.70 

11.14 

0 

0 

1 

0 

0 

0 

4 

22.30 

80.20 

14.80 

13.30 

0 

0 

1 

0 

0 

0 

S 

28.10 

78.63 

23.90 

13.10 

0 

0 

1 

0 

0 

0 

8 

19.30 

80.76 

20.10 

10.10 

0 

0 

0 

1 

0 

0 

1 

10.20 

77.51 

51.70 

14.60 

0 

0 

0 

1 

0 

0 

2 

21.70 

71.94 

01.80 

14.60 

A 


OBS 

MSItS 

H8B6 

NS87 

M8B8 

M989 

HSK10 

H8811 

MSI12 

HSR  13 

1 

18.00 

6.7 

10 

83.30 

9.00 

0.0 

0.0 

93.3 

93.70 

2 

16.00 

6.8 

8 

91.90 

0.00 

0.0 

0.0 

88.6 

94.30 

3 

18.00 

6.9 

9 

96.90 

0.00 

0.0 

0.0 

96.2 

97.70 

4 

22.00 

6.7 

3 

100.00 

1.80 

0.0 

0.0 

96.2 

96.70 

5 

21.00 

6.6 

5 

100.00 

1.70 

0.0 

0.0 

91.4 

96.93 

6 

22.00 

6.6 

9 

100.00 

0.00 

0.0 

0.0 

92.8 

99.40 

7 

21.00 

13.5 

21 

94.70 

0.70 

0.0 

0.0 

93.3 

93.70 

8 

18.00 

13.0 

15 

79.20 

3.00 

0.0 

0.0 

68.6 

94.30 

9 

18.00 

11.7 

9 

93.90 

0.60 

0.0 

0.0 

96.2 

97.70 

10 

27.00 

9.4 

8 

100.00 

0.60 

0.0 

0.0 

96.2 

96.70 

11 

16.00 

10.4 

29 

89.10 

2.40 

0.0 

0.0 

91.4 

96.93 

12 

22.00 

10.6 

18 

100.00 

2.80 

0.0 

0.0 

92.5 

99.40 

13 

9.98 

46.3 

52 

97.40 

2.00 

98.8 

98.7 

96.6 

96.99 

14 

9.80 

49.6 

100 

100.00 

0.70 

98.1 

95.6 

93.9 

98.90 

IS 

9.97 

48.8 

87 

99.10 

3.30 

98.6 

94.3 

96.8 

99.90 

16 

10.72 

49.2 

131 

98.90 

2.30 

96.0 

94.4 

94.7 

99.62 

17 

10.86 

46.4 

90 

96.80 

2.80 

97.1 

94  3 

96.7 

99.63 

18 

11.38 

41.1 

103 

98.90 

3.70 

96.8 

94.8 

98.1 

99.92 

19 

8.09 

30.5 

75 

88.80 

3.76 

92.0 

95.6 

98.6 

99.60 

20 

8.90 

29.3 

82 

79.40 

1.76 

93.9 

94.2 

94.6 

98.09 

21 

6.70 

29.9 

66 

83.10 

1.19 

89.9 

95.4 

91.0 

99.89 

22 

6.30 

90.8 

69 

72.60 

1.78 

80.9 

95.0 

97.2 

99.33 

23 

7.86 

29.6 

78 

81.80 

1.30 

100.0 

96.0 

92.3 

99.08 

24 

7.00 

31.2 

64 

74.40 

0.91 

97.7 

95.6 

97.6 

99.72 

28 

18.00 

47.1 

18 

96.97 

1.70 

92.9 

94.6 

93.9 

83.30 

26 

19.70 

48.9 

28 

77.42 

1.66 

69.0 

98.6 

68.6 

60.40 

Tha 

SA9 

lyataa 

16:47 

Thursday 

July  12 

1990 

2 

099 

81 

92  83 

94 

88  86 

87  MONTH 

H9R1 

HS82 

H883 

NSR4 

27 

0 

0  0 

0 

1  0 

0 

3 

10.40 

72.15 

72 

.60 

7.80 

29 

0 

0  0 

0 

1  0 

0 

4 

17.10 

71.76 

96 

.90 

6.80 

29 

0 

0  0 

0 

1  0 

0 

8 

20.80 

72.91 

76 

.00 

6.90 

30 

0 

0  0 

0 

1  0 

0 

6 

19.30 

78.32 

83 

.00 

6.90 

144 


31 

0 

0 

0 

0 

1 

0 

14.30  76 

39 

93.00  18.30 

32 

0 

0 

0 

0 

1 

0 

14.80  80 

57 

72.00  14.20 

33 

0 

0 

0 

0 

1 

0 

13.50  79 

09 

57.90  15.20 

34 

0 

0 

0 

0 

1 

0 

13.20  90 

89 

25.20  17.00 

35 

0 

0 

0 

0 

1 

0 

13.00  80 

72 

25.80  23.80 

35 

0 

0 

0 

0 

1 

0 

17.90  80 

59 

27.90  21.00 

37 

0 

0 

0 

0 

0 

1 

51.80  67 

46 

66.00  24.00 

33 

0 

0 

0 

0 

0 

1 

45.60  72 

31 

113.00  31.00 

39 

0 

0 

0 

0 

0 

1 

80.60  60 

48 

100.00  26.00 

40 

0 

0 

0 

0 

0 

1 

47.00  64 

51 

123.00  20.00 

41 

0 

0 

0 

0 

0 

1 

49.60  64 

68 

127.00  29.00 

42 

0 

0 

0 

0 

0 

1 

46.40  77 

20 

91.00  23.00 

43 

-1 

.1 

•1 

-1 

-1 

-1 

23.90  75 

IS 

40.00  19.00 

44 

-1 

•1 

•1 

•1 

-1 

-1 

31.60  77 

10 

50.00  21.00 

45 

-1  -1 

-1 

-1 

-1 

-1 

23.20  70 

22 

36.00  15.00 

43 

-1 

■1 

-1 

•1 

-1 

-1 

24.90  79 

17 

38.00  18.00 

47 

•1 

.1 

•1 

.1 

-1 

-l 

25.90  81 

80 

40.00  19.00 

48 

•1 

.1 

•1 

-1 

-1 

•  1 

21.00  86 

79 

44.00  12.00 

OBS 

HSB5 

M9B6 

M817 

NS88 

ni  i9 

HSB10  M8I11 

MSB  12 

H8B13 

27 

17.20 

48.9 

51 

82.81 

1.00 

96.4  93.4 

93 

5 

89.60 

28 

17.80 

47.0 

24 

98.04 

2.40 

91.4  94.1 

94 

0 

85.30 

29 

18.30 

44.9 

100 

97.22 

1.97 

04.7  93.4 

94 

4 

68.90 

SO 

14.80 

45.6 

73 

98.00 

2.20 

94.5  94.9 

98 

9 

91.60 

31 

17.80 

42.9 

69 

99.24 

0.80 

95.5  95.0 

93 

5 

99.90 

32 

18.80 

43.8 

37 

98.43 

0.80 

97.7  94.6 

94 

7 

100.00 

33 

10.30 

43.8 

74 

97.80 

0.00 

96.6  93.9 

97 

2 

100.00 

34 

18.90 

42.4 

43 

100.00 

0.00 

99.1  95.3 

99 

0 

99.90 

35 

17.20 

41.9 

48 

98.89 

0.00 

95.5  90.4 

95 

3 

99.70 

38 

18.20 

41.7 

60 

99.30 

1.90 

95.4  05.8 

98 

2 

99.70 

37 

22.00 

35.3 

91 

73.00 

0.00 

94.1  90.1 

87 

2 

95.60 

38 

26.00 

34.8 

67 

71.60 

1.70 

96.2  92.9 

87 

6 

97.10 

39 

24.00 

34.2 

76 

87.50 

0.00 

95.0  93.4 

92 

1 

94.60 

40 

26.00 

34.3 

98 

55.70 

0.00 

06.9  87.2 

92 

9 

94.00 

41 

29.00 

32.3 

135 

81.00 

1.20 

94.0  05.1 

88 

4 

95.30 

42 

30.00 

31.0 

102 

85.20 

5.60 

94.1  93.0 

94 

3 

93.70 

43 

17.00 

29.6 

59 

04.40 

2.90 

95.0  96.2 

96 

0 

93.60 

44 

17.00 

29.9 

43 

93.90 

1.20 

96.4  95.6 

94 

3 

97.10 

45 

13.00 

30.4 

S3 

91.00 

0.00 

95.6  95.5 

90 

3 

94.60 

48 

15.00 

29.8 

87 

92.30 

1.10 

95.2  93.4 

92 

3 

94.00 

47 

15.00 

30.0 

67 

84.60 

0.00 

03.8  90.0 

94 

6 

93.50 

43 

14.00 

27.2 

80 

80.00 

The 
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Backward  Bllelnation  Procedure  for  Dependent  Variable  MSB 2 
Step  0  All  Varlabloe  Intered  B- square  ■  0.76415656  C(p)  ■  19*00000000 


DP 

Sua  of  Squares 

Mean  Square 

r 

Prob>  P 

Batraeaion 

18 

1436.16717550 

79.78700531 

5.22 

0.0001 

Error 

29 

443.24785575 

15.28440192 

Total 

47 

1679.41493125 

Parameter 

Standard 

Type  II 

Variable 

Batlaate 

Error 

lie  of  squares 

P 

Preb>P 

INT8BCBP 

80.94416366 

45.04227782 

49.36041927 

3.23 

0.0827 

81 

•23.46732019 

13.47054736 

54.63166797 

3.57 

0.0687 

>2 

•12.35107798 

10.94610214 

20.57201915 

1.35 

0.2554 

93 

19.08009408 

9.14597008 

06.91964460 

4.35 

0.0459 

94 

3.24491010 

3.97796001 

10.17118864 

0.07 

0.4213 

83 

2.48876359 

9.77892998 

0.96999515 

o.oe 

0.8009 

86 

6.89419035 

0.63463580 

27.46600400 

1.60 

0.1905 

87 

0.05769106 

4.92142378 

0.00210031 

0.00 

0.9907 

MONTH 

0.24799270 

0.46807928 

4.29029751 

0.28 

0.6003 

H9B1 

0.04255920 

0.07652921 

4.48924028 

0.29 

0.5920 

HSB3 

•0.08432768 

0.05495764 

35.98591531 

2.35 

0.1358 

H9B4 

-0.60731827 

0.26029670 

63.20392220 

5.44 

0.0268 

145 


USES 

0.52014015 

0.37649223 

28.66524646 

1.89 

0.1799 

M6B6 

•0.39798768 

0.55762456 

7.76420355 

0.51 

0.4811 

N6B7 

-0.05906912 

0.03983001 

35.39391043 

2.32 

0.1389 

NIBS 

0.01041938 

0.092191B2 

0.19523023 

0.01 

0.9108 

HSB6 

0.09279231 

0.43658106 

0.69046649 

0.05 

0.6332 

HSB12 

•0.11634671 

0.29797424 

2.33023212 

0.15 

0.6991 

NIB  19 

0.26136317 

0.41449510 

6.07712665 

0.40 

0.6333 

Bounds 

on  condition  nuobor: 

200.437, 

12692.27 

Stop  1 

varlabla  B7  Beaoved 

B-aquara 

>  0.76415544  C(p) 

•  17.00013742 

or 

Sun  of  Squaraa 

Naan  Square 

f 

Prob>f 

Begresulon 

17 

1436.16507519 

84.48029854 

8.72 

0.0001 

Brror 

so 

443.24975606 

14.77496187 

Total 

47 

1879.41483125 

Baraaatar 

Standard 

Type  11 

varlabla 

Satlaata 

Brror 

Sub  of  Squaraa 

r 

?rob>f 

INTBBC6P 

80.80241942 

42.65973238 

53.00779351 

3.59 

0.0679 

61 

•25.39600014 

11.89976943 

67.30529000 

4.56 

0.0411 

B2 

•12.30104416 

9.58913817 

24.31375592 

1.65 

0.2094 

63 

19.04453454 

8.48325785 

74.46336204 

5.04 

0.0323 

64 

3.27240557 

3.15238286 

15.92148532 

1.08 

0.3075 

65 

2.45335409 

9.14439910 

1.06349970 

0.07 

0.7903 

66 

8.66694452 

6.10976561 

31.11903566 

2.11 

0.1571 

MONTH 

0.24837S09 

0.45909399 

4.32454210 

0.29 

0.5925 

H6B1 

0.04277063 

0.07514546 

4.78644193 

0.32 

0.5735 

NSB3 

>0.06426208 

0.05375321 

36.30636286 

2.46 

0.1275 

Tha  lit  Syat 
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MSB4 

-0.60681999 

0.25248694 

65.34325133 

8.79 

0.0226 

MSB5  • 

0.52249842 

0.31521266 

40.59682307 

2.75 

0.1078 

H8B6 

•0.39507393 

0.49035398 

9.59101540 

0.65 

0.4268 

M8B7 

•0.05893481 

0.03591666 

39.78132472 

2.69 

0.1113 

K8B6 

0.01010843 

0.08680949 

0.20033649 

0.01 

0.9081 

M8B9 

0.09407068 

0.41563702 

0.75684574 

0.05 

0.8225 

HSB12 

•0.11658267 

0.29229739 

2.35041928 

0.16 

0.6926 

NSB13 

0.26168351 

0.40664266 

6.11862847 

0.41 

0.5248 

Bounds  on  condition  nuobor : 

160.3374, 

9772.265 

Step  2  Variable  MSB8  iMovtd  B-square  ■  0. 76408885  C(p)  ■  15.01324467 


OP 

fun  of  Squares 

Mean  Square 

r 

Prob>P 

Segresslon 

16 

1435.98473870 

89.74779617 

6.27 

0.0001 

Brror 

31 

443.45009255 

14.30464170 

Total 

47 

1879.41483125 

Paraaatar 

Standard 

Type  11 

varlabla 

Satlaata 

Brror 

Sub  of  Squares 

r 

Prob>P 

INTBBCBP 

81.27739173 

41.78319235 

54.12767042 

3.76 

0.0609 

61 

-25,57257211 

11.61561432 

69.33420061 

4.85 

0.0353 

62 

-12.38274186 

9.41004921 

24.77039231 

1.73 

0.1979 

63 

19.22953847 

8.19949782 

78.67672973 

5.80 

0.0256 

64 

3.12053847 

2.62399764 

17.46600670 

1.22 

0.2776 

65 

2.60849125 

9.90172280 

1.22832613 

0.09 

0.7715 

66 

6.98601750 

5.92697231 

32.88151194 

2.30 

0.1396 

MONTH 

0.24794630 

0.45171607 

4.30990039 

0.30 

0.5870 

H6B1 

0.04402969 

0.07317078 

5.17963332 

0.36 

0.5517 

HSK3 

•0.08829373 

0.05002736 

42.56242560 

2.98 

0.0945 

H8B4 

•0.61428054 

0.24030555 

93.47389708 

6.53 

0.0157 

NIBS 

0.52901163 

0.30523476 

42.96803592 

3.00 

0.0930 

HSB6 

-0.39645470 

0.46164273 

9.79016596 

0.68 

0.4144 

MS*  7 

>0.03936187 

0.03S1S386 

40.76520648 

2.65 

0.1013 

MSK9 

0.08797112 

0.40570977 

0.67236203 

0.03 

0.6298 

HSB12 

•0.11873894 

0.28703150 

2.44799349 

0.17 

0.6820 

MSB13 

0.27062673 

0.39291914 

8.78606387 

0.47 

0.4961 

Bounds  on 

condition  nuaber: 

159.7733. 

8979.96 

Stop  S  Variable  HSBB  Baaoved  B* square 

■  0.76389099  C(p) 

>  13.03724783 

or 

Sia  of  Squares 

Naan  Square 

P 

Prob>9 

Bogroooton 

IS 

1433.29217687 

93.68614311 

6.89 

0.0001 

Srror 

32 

444.12263438 

13.87883296 

Total 

47 

1879.41483123 

Paraaeter 

Standard 

Type  11 

vnrloblo 

Bat  las  ts 

Brror 

Bus  of  Squares 

P 

Prob>P 

INTSBCBP 

S2.4044S4S3 

40.83662443 

36.51381872 

4.07 

0.0521 

■1 

•26.01797019 

11.26102338 

74.08732210 

3.34 

0.0273 
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B2 

-12.85546474 

9.01668197 

28.21207362 

2.03 

0.1636 

B3 

19.74835271 

7.72496316 

90.70304455 

6.54 

0.0153 

B4 

3.09367333 

2.77885308 

17.20167312 

1.24 

0.2739 

BS 

2.96S05S12 

8.61469116 

1.64746974 

0.12 

0.7327 

B6 

9.20156231 

3.75535441 

33.47377948 

2.36 

0.1197 

MONTH 

0.23031740 

0.43783816 

3.84709687 

0.28 

0.6022 

MSB1 

0.03963467 

0.06923232 

4.54602637 

0.33 

0.8711 

HSB3 

-0.08468371 

0.04873102 

41.91232468 

3.02 

0.0919 

MSB4 

-0.61076376 

0.23616113 

92.82936730 

6.69 

0.0143 

MSBS 

0.52628994 

0.30040103 

42.39908276 

3.07 

0.0894 

MSB6 

-0.43062121 

0.43135316 

12.63312434 

0.91 

0.3472 

M8B7 

•0.03793572 

0.03403419 

40.24327704 

2.90 

0.0983 

MSR12 

•0.10930863 

0.27946088 

2.12334142 

0.15 

0.6983 

HSB13  • 

0.26181696 

0.36494933 

6.42008645 

0.46 

0.3013 

Bounds  on 

condition  juabor : 

144.6181, 

7919.491 

Stop  4  Variable  BS  Boaovod 

B-OQuart 

•  0.76281441  C(p) 

»  11.16503548 

DP 

Sua  of  Squares 

Mean  Square 

r 

Prob>P 

Rogrssalon 

14 

1433.64470693 

102.40319335 

7.38 

0.0001 

Irror 

33 

443.77012432 

13.30816539 

Total 

47 

1879.41483123 

Paraaeter 

Standard 

Type  II 

Variable 

Sstlaate 

Brror 

Sub  of  Squares 

P 

Prob>P 

INTBBCSP 

84.43614424 

39.83699920 

80.05276912 

4.49 

0.0417 

B1 

-23.12042931 

7.38812832 

132.28784139 

9.79 

0.0037 

B2 

•10.17130328 

4.47929514 

89.65430249 

3.16 

0.0298 

S3 

17.82693343 

3.35892947 

140.36508935 

10.41 

0.0026 

B4 

3.38902822 

2.80778333 

22.81415096 

1.69 

0.2027 

B8 

7.93330439 

4.41176722 

43.90025335 

3.25 

0.0806 

MOHTH 

0.29828435 

0.38591230 

8.07013342 

0.60 

0.4431 

MSB1 

0.04160924 

0.06608718 

3.04462183 

0.37 

0.5433 

MSR3 

•0.08953384 

0.04600691 

51.17779671 

3.79 

0.0602 

MIB4 

-0.84433021 

0.21221326 

124.33626611 

9.22 

0.0047 

MSBS 

0.33177311 

0.28723396 

49.84612417 

3.69 

0.0634 

MSBS 

•0.29697831 

0.22767331 

22.98377640 

1.70 

0.2011 

MSB7 

•0.05778141 

0.03337294 

40.01239362 

2.96 

0.0946 

HSR  12 

•0.09833932 

0.27397399 

1.74742039 

0.13 

0.7214 

MSR13 

0.18773281 

0.31304134 

4.79771329 

0.36 

0.5533 

Bounds  on 

condition  nuaber: 

48.4901, 

2814.645 

Step  5  VtritbU  MSI  12  Inevtd 


M«u*n  ■  O.miHM  C(p)  «  •,27936253 


DP 

6ua  of  Squares 

Mean  Square 

P 

Prob>P 

Befraaalon 

13 

1431.99728634 

110.14594510 

8.37 

0.0001 

Brror 

34 

447.51754491 

13.16226073 

Total 

47 

1679.41463125 

Paraaeter 

Standard 

Type  11 

The  ui  Syataa  16:47  Thursday,  July  12.  1990 

6 

Variable 

Bet lasts 

Brror 

Sta  of  Squares 

r 

Prob>P 

1NTBBCIP 

77.61170116 

34.41871712 

66.75385156 

5.07 

0.0309 

>1 

•22.73171369 

7.21446909 

130.67330353 

9.93 

0.0034 

•2 

•10.12164680 

4.41945469 

68.03926109 

5.25 

0.0283 

63 

17.72787437 

5 .45804590 

138.65774645 

10.55 

0.0026 

64 

3.42920209 

2.57191576 

23.40117125 

1.76 

0.1913 

66 

7.82956466 

4.34165287 

42.60516615 

3.25 

0.0802 

MONTH 

0.27293357 

0.37453157 

6.96985547 

0.53 

0.4712 

MSB1 

0.03567996 

0.06682126 

4.47903594 

0.34 

0.5635 

NSB3 

•0.06425163 

0.04302153 

50.47960999 

3.84 

0.0584 

HSR4 

-0.61616453 

0.19469405 

131.64006042 

10.02 

0.0033 

HSR5 

0.52753660 

0.27562452 

46.21704657 

3.66 

0.0641 

MSB6 

•0.30594536 

0.22338804 

24.68674729 

1.68 

0.1798 

MSB7 

•0.05564295 

0.03261647 

38.30896072 

2.91 

0.0971 

HSR13 

0.16323387 

0.30361376 

3.80459804 

0.29 

0.5943 

Rounds  on  condition  nueber : 

47.45246, 

2522.686 

•tap  6  Variable  MSR13  Reaoved  1- square 

•  0.75986028 

C(p)  ■  7.52828284 

DP 

Sue  of  Squares 

Mean  Square 

P 

Prob>P 

Regrersion 

12 

1428.09268831 

119.00772403 

9.23 

0.0001 

■rror 

35 

451.32214294 

12.99491837 

Total 

47 

1879.41483125 

Paraaeter 

Standard 

Type  II 

Variable 

1st lasts 

Brror 

Sua  of  Squares 

f 

Prob>f 

INTIRCBP 

95.60223811 

5.16875289 

4429.94533646 

343.54 

0.0001 

61 

-25.13225945 

5.60892686 

258.89407609 

20.06 

0.0001 

62 

-11.78060149 

3.13162049 

162.49000097 

14.15 

0.0006 

63 

19.74193523 

3.92912428 

325.53831467 

25.25 

0.0001 

64 

3.82338667 

2.43992802 

31.66365270 

2.46 

0.1261 

•6 

9.68844315 

2.59914873 

179.16960050 

13.69 

0.0007 

MONTH 

0.29740964 

0.36795936 

6.42420604 

0.65 

0.4244 

MSR1 

0.04633397 

0.06473859 

6.60527886 

0.51 

0.4769 

HBR3 

•0.08374710 

0.04257222 

49.90057619 

3.87 

0.0571 

MSR4 

•0.62747685 

0.19158196 

138.32645041 

10.73 

0.0024 

H6R5 

0.52261831 

0.27266051 

47.37435871 

3.67 

0.0635 

NSR6 

-0.39803279 

0.14194009 

101.40191302 

7.86 

0.0082 

MSR7 

-0.05293175 

0.03189531 

35.51361641 

2.76 

0.1069 

Rounds  on  condition  nusber: 

29.27671, 

13*6.673 

Step  7  Variable  HSkl  leaoved  B- square  ■  0.75634374  C(p)  •  5.9*044089 


DP 

Sub  of  Squares 

Mean  Square 

f  Prob>  P 

Regression 

11 

1421.48740944 

129.22612613 

10.16  0.0001 

Brror 

36 

457,92742181 

12.72020616 

Total 

47 

1979.41493125 

Paraaeter 

Standard 

Type  II 

The  SAS  Syst 

ea  16:47  Thursday 

,  July  12,  1990 

Jr 


r 


« 


148 


7 


Variable 

Batiaata 

Error 

8v»  of  Squares 

r 

Prtb>P 

INTBBCBP 

97.29384249 

4.69793371 

5455.63526944 

426.90 

0.0001 

>1 

•23.61755090 

S.1S901639 

246.58152884 

20.96 

0.0001 

82 

-11.85085673 

3.10880473 

184.84459589 

14.33 

0.0005 

93 

19.74513219 

3.90241313 

323.64750361 

26.  CO 

0.0001 

B4 

3.49094375 

2.37902426 

27.36937363 

2.15 

0.1510 

B8 

9.07037378 

2.43482708 

176.32383462 

13.86 

0.0007 

month 

0.31561739 

0.36436427 

9.54392481 

0.75 

0.3921 

HSB3 

0.04189001 

45.93431490 

3.61 

0.0854 

HSB4 

-0.57398961 

0.17520539 

136.52346229 

10.73 

0.0023 

MSB  5 

0.51243268 

0.27043795 

43.67015853 

3.39 

0.0662 

HSB6 

•0.43053710 

0.13356419 

132.17072589 

10.39 

0.0027 

HS87 

-0.05117236 

0.03158427 

33.39053048 

2.62 

0.1139 

Hound  a  on 

oondition  niaber : 

25.10851, 

1092.893 

Step  8  variable  MONTH  Beaoved  B- square  ■  0.75126654  C(p)  •  4.58409638 


or 

Sub  of  Squarea 

Naan  Square 

r 

rrob>r 

■egression 

10 

1411-94148464 

141.19414846 

11.18 

0.0001 

trror 

37 

467.47334661 

12.63441477 

Total 

47 

1879.41483125 

Paraaeter 

Standard 

Type  11 

variable 

Batiaata 

Error 

Sua  of  Squarea 

r 

rrob>p 

INTBBCBP 

98.02400578 

4.60605144 

5722.19238574 

452.91 

0.0001 

91 

•23.84860925 

5.13471335 

272.55166393 

21.57 

0.0001 

92 

-11.83286980 

3.09823423 

164.29213744 

14.59 

0.0005 

93 

20.05890562 

3.87244237 

338.99997999 

26.83 

0.0001 

94 

3.43961238 

2.3702S2S0 

26.60632615 

2.11 

0.1552 

96 

9.13173347 

2.42557535 

179.07379732 

14.17 

0.0006 

MSR3  • 

-0.09425911 

0.03819238 

76.95703086 

6.09 

0.0183 

HSB4 

-0.61587409 

0.16783323 

170.13085099 

13.47 

0.0008 

HSRS 

0.60423646 

0.24796916 

75.01940683 

5.94 

0.0198 

NSB6 

-0.43802522 

0.13283396 

137.38367283 

10.87 

0.0022 

MS97 

-0.04106802 

0.02925246 

24.90216720 

1.97 

0.1687 

Bounds  on  condition  niaber: 

25.0414, 

942.8148 

ttap  0  Variable  HSB7  Baaovad  I- square  a  0.73801659  C(p)  •  4.21424796 


OP 

Ska  of  Squarea 

Naan  Square 

r 

Pr©b>f 

Begresaion 

9 

1387.03931743 

154.11547971 

11.89 

0.0001 

Error 

38 

492.37551362 

12.95725036 

Total 

47 

1879.41483125 

Paraaeter 

Standard 

Type  11 

Variable 

Batiaata 

Error 

Ska  of  Squares 

r 

Prob>P 

INTBBCBP 

95.59143483 

4.32190193 

6338.71163319 

469.20 

0.0001 

91 

-19.97823101 

4.38666357 

266.73154857 

20.74 

0.0001 

The  SAB  Syataa  16:47  Thuraday,  July 

12,  199C 
1 

82 

-9.09824678 

2.43992764 

180.16664065 

13.90 

0.0006 

83 

17.06818874 

3.27490226 

351.95815872 

27.16 

0.0001 

94 

1.36981049 

1.87375037 

6.62411223 

0.53 

0.4725 

86 

8.23416812 

2.36951069 

156.47215852 

12.08 

0.0013 

NSB3 

•0.11144472 

0.03663679 

119.89369604 

9.25 

0.0042 

HSB4 

•0.59229750 

0.16911097 

156.94581693 

12.27 

0.0012 

N8BS 

0.52914927 

0.24520650 

60.34000017 

4.66 

0.0373 

HSB6 

•0.37640867 

0.12746143 

114.20298572 

8.61 

0.0052 

149 


Sounds  on  oondltion  niabar 


n.iaas 


•33. STBS 


StaplO  Vsrlsbls  M  Raaovad  I -squara  *  O.T3«3SS61  C(p)  •  2.66072357 


DP 

Bun  of  Squama 

Hsan  Squara 

f 

Prob>P 

Bagrasalon 

• 

1380.21520521 

172.52690065 

13.48 

0.0001 

Brror 

SB 

499.19982604 

12.79999041 

Total 

47 

1879.41463125 

Paraaatar 

Standard 

Typa  II 

Varlabla 

1st las ta 

trror 

Sta  of  squama 

r 

Prob>P 

INTBHCBP 

85.48207098 

4.29343864 

6331.69563894 

494.66 

0.0001 

B1 

-18.40437289 

3.79009746 

301.82203067 

23.58 

0.0001 

B2 

-8.13073983 

2.03106056 

205.12756669 

16.03 

0.0003 

B3 

la. 08233254 

2.94908186 

379.71103270 

29.60 

0.0001 

.86 

7.98233289 

2.32969096 

150.27013531 

11.74 

0.0015 

HSB3 

•0.10935338 

0.03630096 

116.15496017 

9.07 

0.0045 

HSB4 

-0.54893805 

0.15775237 

155.55550109 

12.15 

0.0012 

HSRS 

0.42457004 

0.19718593 

58.34121898 

4.64 

0.0376 

HSB6 

-0.34562555 

0.11846247 

108.95814908 

8.51 

0.0058 

Bounds  on  oondltion  n unbar: 

13.46705, 

434.7935 

All  vsrisblsa  Isft  In  tbs  nodal  ir*  significant  at  tha  0.1000  laval. 
Suaaary  of  Backward  B1  Initiation  Proeadura  for  Dapandant  Var labia  HSR2 


Stap 

Varlabla 

Banovad 

Niabar 

In 

Partial 

B»«2 

Hodal 

»«2 

C(P) 

P 

Prob>P 

1 

B7 

17 

0.0000 

0.7642 

17.0001 

0.0001 

0.9907 

2 

HSRS 

16 

0.0001 

0.7640 

15.0132 

0.0136 

0.9081 

3 

.  HSR9 

IS 

0.0004 

0.7637 

13.0572 

0.0470 

0.8298 

4 

BS 

14 

0.0009 

0.7628 

11.1650 

0.1187 

0.7327 

5 

HSR12 

13 

0.0009 

0.7619 

9.2794 

0.1294 

0.7214 

6 

HSR13 

12 

0.0020 

0.7599 

7.5283 

0.2891 

0.5943 

7 

HSR1 

11 

0.0035 

0.7563 

5.9604 

0.5122 

0.4789 

8 

HONTH 

10 

0.0051 

0.7513 

4.5850 

0.7505 

0.3921 

9 

HSR7 

9 

0.0132 

0.7380 

4.2142 

1.9710 

0.1687 

10 

B4 

8 

0.0036 

0.7344 

2.6607 

0.5267 

0.4725 

Tha 

SAS  Syatan 

16:47  Thursday,  July 

12,  1990 
9 

Backward  Bllalnatlon  Proeadura  for  Dapandant  Var labia  KSB7 
Stap  0  All  Varlablaa  Bntarad  R- squara  *  0.842198SS  C(p)  •  18.00000000 


DP 

Sun  of  Squama 

Hnan  Squara 

P 

Prob>P 

Ragraaslon 

18 

50101.75979606 

2783.43109978 

8.60 

0.0001 

Brror 

29 

9387.49020394 

323.70655876 

Total 

47 

59489.25000000 

Paraaatar 

Standard 

Typa  II 

Varlabla 

Bstlaata 

Brror 

Sia  of  Squama 

P 

Pmb>P 

INTPRCBF 

168.S014S1B7 

216.27236876 

0.61 

0.4422 

81 

-127.12927329 

61.31384767 

1391.63546060 

4.30 

0.0471 

B2 

-78.80250974 

48.04592090 

827.15953254 

2.56 

0.1208 

B3 

75.72120693 

42.89220967 

1008.85723685 

3.12 

0.0860 

B4 

12.66411862 

18.36427268 

153.94088292 

0.46 

0.4959 

BS 

26.53226291 

44.78316622 

113.62410938 

0.35 

0.5561 

B6 

33.13196238 

30.85741096 

373.16729376 

1.15 

0.2918 

B7 

39.86225123 

21.40492068 

1122.65908953 

3.47 

0.0727 

HONTH 

3.53242610 

2.06273906 

949.31224868 

2.93 

0.0975 

H8R1 

0.11379679 

0.36260582 

31.88173244 

0.10 

0.7559 

H8B2 

-1.25144162 

0.82237622 

2.32 

0.1389 

HSB9 

0.11884688 

0.26205677 

66.57864890 

0.21 

0.6536 

HSR4 

-1.61918720 

1.27040070 

525.85927339 

1.62 

0.2126 

HSRS 

-0.23009589 

1.79715484 

5.30636914 

0.02 

0.6990 

hskb 

•2.13191261 

2.55620781 

224.61156806 

0.69 

0.4115 

H8R8 

0.02321937 

0.42433916 

1.14338848 

0.00 

0.9530 

HSRS 

0.63893919 

2.00468893 

56.69156930 

0.18 

0.6787 

MSB  12 

•1.3S383306 

1.35171301 

324.72276965 

1.00 

0.3246 

HSB13 

1.90523786 

1.88769193 

329.75217513 

1.02 

0.3212 

Bounds 

on 

i 

B* 

s 

1 

•1 

109.1676, 

12569.65 

Stop  1 

Variable  HSRS  Raooved  R<- square 

•  0.64217932 

C(p) 

•  17.00353218 

or 

Sia  of  Squares 

Mean  Square 

P 

Prob>P 

■•areas ion  17 

50100.61640759 

2947.09508260 

9.62 

0.0001 

trror 

30 

9388.63359241 

312.95445308 

Total 

47 

59489.25000000 

Paraaeter 

Standard 

Type  II 

Variable 

Betlaate 

Brror 

Sua  of  Squares 

P 

Prob>P 

INTERCRP 

168.57083089 

212.64712971 

196.66498508 

0.63 

0.4342 

B1 

•127.05168093 

60.27329205 

1390.56771047 

4.44 

0.0435 

B2 

•76.64975747 

47.17360270 

826.23695447 

2.64 

0.1147 

B3 

75.89463112 

42.07613948 

1018.19620120 

3.25 

0.0813 

B4 

12.50000775 

17.85141629 

153.44627314 

0.49 

0.4692 

BS 

26.65006147 

43.98998673 

114.86028883 

0.37 

0.5492 

B6 

33.21603322 

30.30871248 

375.67348626 

1.20 

0.2818 

B7 

39.47981229 

20.07286300 

1210.63340367 

3.87 

0.0585 

MONTH 

3.53417783 

2.02798S1S 

950.44806629 

3.04 

0.0916 

MSR1 

0.11806469 

0.34947117 

35.71693154 

0.11 

0.737B 

The  SAS  Syatea  16:47  Thursday,  July 
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MSR2 

•1.25052829 

0.80846183 

748.77120286 

2.39 

0.1324 

MSB3 

0.11474389 

0.24856582 

66.68949609 

0.21 

0.6477 

HSR4 

•1.63246953 

1.22967303 

551.55904396 

1.76 

0.1943 

HSRS 

•0.19994923 

1.69521052 

4.35384845 

0.01 

0.9069 

MSR6 

-2.11985725 

2.50744326 

223.68256756 

0.71 

0.4046 

HSRS 

0.33356970 

1.96911153 

56.06210933 

0.18 

0.6751 

HSR12 

•1.36039049 

1.32463939 

330.07526625 

1.05 

0.3126 

NSR13 

1.92780017 

1.81815509 

351.83845947 

1.12 

0.2975 

Bounds 

on 

condition  nuaber: 

197.9355, 

11702.46 

Step  2 

variable  HSRS  Removed  R-aquare 

■  0.84210614 

C(p) 

■  15- 01696216 

DP 

9«*  of  Squares 

Mean  Square 

r 

Prob>P 

Regret 

islt 

>n  16 

50096.26255914 

3131.01640995 

10.33 

0.0001 

Brror 

31 

9392.98744086 

302.99959487 

Total 

47 

59489.25000000 

Paraaeter 

Standard 

Type  II 

Variable 

Bat lasts 

Brror 

ha  of  Squares 

P 

Prob>P 

INT6RCIP 

169.89240601 

208.94707053 

200.31681585 

0.66 

0.4224 

B1 

•126.58624630 

59.17968178 

1386.34027496 

4.58 

0.0404 

B2 

•75.62595329 

45.62472856 

832.49797308 

2.75 

0.1075 

B3 

76.00958732 

41.39041712 

1021.83127500 

3.37 

0.0759 

B4 

13.92041686 

12.96638254 

349.22764932 

1.15 

0.2913 

B5 

24.87291625 

40.66658104 

113.34963665 

0.37 

0.5452 

B6 

32.62037008 

29.40586124 

372.66533436 

1.23 

0.2756 

B7 

38.31162982 

17.17941794 

1506.90685405 

4.97 

0.0331 

MONTH 

3. 51501458 

1.98905609 

946.24206516 

3.12 

0.0870 

MSR1 

0.12601839 

0.33740S76 

42.26734091 

0.14 

0.7U3 

MSR2 

-1.27727271 

0.76357181 

847.83146571 

2.60 

0.1044 

HSRS 

0.10172778 

0.21915559 

65.28540598 

0.22 

0.6456 

MSR4 

•1.70561940 

1.02977574 

034.15623941 

2.75 

0.1072 

HSR6 

•2.03409269 

2.36122402 

224.85841228 

0.74 

0.3956 

nsi> 

0.97415997 

1.90772185 

63.62001576 

0.21 

0.6500 

nsiu 

•1 . 39451069 

1.27181053 

364.32125228 

1.20 

0.2813 

MSR13 

1.92453550 

1.78879697 

350.72909713 

1.16 

0.2903 

Bounds  on  condition  nuBber: 

181.2B0S, 

10054.6 

Stop  3  Variable  HStl  IMO 

vod  t- square 

•  0.84139563 

C(p> 

>  13.14755517 

DP 

Sub  of  Squares 

Mean  Square 

» 

Prob>P 

Regression  IS 

50053. 99521823 

3336.93301455 

11.32 

0.0001 

Error 

32 

9435.25478177 

294.85171193 

Total 

47 

59489.25000000 

Parasetar 

Standard 

Type  11 

variable 

Bstiaete 

Brror 

Sub  of  Squares 

P 

Prob>  P 

INTERCEP 

162.44368471 

205.17751621 

184.82034708 

0.63 

0.4344 

El 

•124.69793936 

58.16513694 

1355.17910683 

4.60 

0.0397 

The  8AS  Syatea  16:47  Thursday,  July  12.  1990 
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52 

•77.41868904 

44.75734455 

882.109192U9 

2.99 

0.0933 

53 

77.27215126 

40.69371321 

1063.15116628 

3.61 

0.0666 

54 

12.72563326 

12.39547892 

310.76767438 

1.05 

0.3123 

55 

26.80899931 

39.78883260 

133.85742506 

0.43 

0.5053 

56 

31.13030714 

28.73958381 

345.94695744 

1.17 

0.2868 

57 

39.22512854 

16.77423148 

1612.30477634 

5.47 

0.0258 

MONTH 

3.44903867 

1.95437723 

618.29663206 

3.11 

0.0871 

HSR2 

-1.26539987 

0.75258231 

633.56753074 

2.63 

0.1024 

MSR3 

0 . 11146583 

0.21465316 

79.50975372 

0.27 

0.6071 

HSR4 

-1.59143388 

0.96753619 

797.71253684 

2.71 

0.1098 

MSR6 

-2.19941610 

2.28796621 

272.47034559 

0.92 

0.3436 

HSR9 

0.66961117 

1.80268253 

40.68277142 

0.14 

0.7127 

USE 12  • 

•1.34691483 

1.24826150 

343.29918244 

1.18 

0.2886 

HSR13 

2.02436178 

1.74477310 

396.91910044 

1.35 

0.2545 

Sounds  on 

condition  nunbor: 

174.9195, 

9121.395 

8tsp  4  Variabls  MSR9  Reeoved  R- square 

•  0.84071177 

C(P) 

•  11.27323311 

DP 

lie  of  squares 

Mean  Square 

P 

Prob>P 

■•(resale 

>n  14 

50013.31244681 

3572.37946049 

12.44 

0.0001 

■rror 

33 

9475.63755319 

287.14982282 

Total 

47 

59489.25000000 

Paraaotsr 

Standard 

Type  11 

Variabls 

1st last# 

Srror 

Sia  of  Squares 

P 

Prob>P 

1NTERC5P 

180.32475011 

196.82830721 

241.01485620 

0.64 

0.3662 

SI 

-131.60386084 

54.20707772 

1697.66706551 

5.91 

0.0206 

S2 

-82.37320053 

42.16190784 

1096.07023860 

3.62 

0.0593 

S3 

82.86516121 

37.30852652 

1416.56339459 

4.93 

0.0333 

S4 

12.44091986 

12.20910180 

298.15754649 

1.04 

0.3156 

65 

29.78574363 

38.47194528 

171.89111600 

0.60 

0.4446 

B6 

34.21451182 

27.15230198 

455.94633653 

1.59 

0.2165 

B? 

40.75307010 

16.04825860 

1851.71094592 

6.45 

0.0160 

MONTH 

3.31966932 

1.89781068 

678.60189707 

3.06 

0,0896 

NSR2 

-1.27837567 

0.74188732 

852.60766502 

2.97 

0.0942 

M8R3 

0.11073003 

0.21182198 

7B.46S79546 

0.27 

0.6046 

MSR4 

-1.67059701 

0.93136467 

923.67268788 

3.22 

0.0820 

Mm 

-2.48217750 

2.12925114 

390.22954124 

1.36 

0.2521 

MSR12 

-1.30461724 

1.22671387 

324.77998949 

1.13 

0.2953 

MSR13 

1.92843196 

1.70286762 

366.26048007 

1.28 

0.2656 

Bounds  on 

condition  nuBber: 

155.5565. 

7690.069 

Step  S  Variable  MSR3  Reeoved 


M«uu*  •  0.13939272  C(p)  «  9.51564029 


DP 

9ta  of  Square  a 

Mean  Square 

P 

Prob>P 

Regression 

13 

49934.84365133 

3841.14181933 

13.67 

0.0001 

Brror 

34 

9554.40634967 

281.01195143 

Total 

47 

59469.25000000 

Paraaatar 

Standard 

Type  II 

The  948  Syataa  16:47  Thursday 

,  July  12,  1990 
12 

Varlabla 

Batlaat* 

Irror 

Sva*  of  Squarea 

P 

Prob>P 

1HTBKCIP 

205.09079233 

188.98877296 

330.93683267 

1.18 

0.2855 

B1 

•130.55569516 

53.57257651 

1668.90391733 

5.94 

0.0202 

92 

•61.26204581 

41.65590023 

1069.41739797 

3.81 

0.0594 

93 

81.77446959 

36.84988804 

1383.64649229 

4.92 

0.0333 

94 

8.41748414 

9.37568949 

226.50770127 

0.81 

0.3756 

95 

29.15390320 

38.04094906 

165.04999643 

0.59 

0.4487 

96 

33.06596117 

26.77246774 

428.65736073 

1.53 

0.2253 

97 

45.97226291 

12.42940057 

3844.29038548 

13.68 

0.0008 

MONTH 

3.27223703 

1.87527175 

655.62975836 

3.04 

0.0900 

HSK2 

•1.38798130 

0.71405766 

1031.37961945 

3.67 

0.0638 

MSR4 

•1.77342999 

0.90057166 

1089.72355398 

3.8£ 

0.0571 

M8R6 

•2.36921784 

2.09549735 

359.22003300 

1.28 

0.2661 

MSR12 

-1.45169639 

1.18118274 

424.46530384 

1.51 

0.2275 

MSR13 

1.93286912 

1.68454944 

369.96829483 

1.32 

0.2592 

Round*  on  condition  nuabar: 

153.9544. 

6941.146 

Stop  6  Varlabla  95  Reaoved  R-aquara 

>  0.63661827 

C(p) 

•  8.02551565 

• 

DP 

Sue  of  Squares 

Mean  Square 

P 

Prob>F 

Ragraaaion 

12 

49769.79365490 

4147.48280457 

14.94 

0.0001 

Irror 

35 

9719.45634510 

277.69875272 

Total 

47 

59469.25000000 

Paraaatar 

Standard 

Typo  II 

Variable 

Ratlaata 

Irror 

Sub  of  Squares 

P 

Prob>  P 

IbTRRCRP 

208.43654423 

187.82122613 

342.00486926 

1.23 

0.2747 

91 

-97.01704344 

30.71844940 

2769.94675409 

9.97 

0.0033 

92 

•52.98644637 

19.22916047 

2108.70415650 

7.59 

0.0092 

93 

60.53924521 

24.14954570 

1745.13691288 

6.28 

0.0170 

94 

11.28294680 

8.S4706053 

483.93323665 

1.74 

0.1954 

Bt 

19.16586531 

19.57629664 

266.17650501 

0.96 

0.3343 

97 

44.21350736 

12.14348136 

3681.26806759 

13.26 

0.0009 

MONTH 

4.08024492 

1.54165770 

1945.22766604 

7.00 

0.0121 

MSR2 

-1.29218803 

0.70299457 

938.25615390 

3.36 

0.0745 

MSR4 

-1.88236202 

0.88402606 

1259.07064465 

4.53 

0.0403 

MIR6 

-0.99172633 

1.07088630 

238.16113719 

0.66 

0.3607 

H9R12 

-1.28999076 

1.15531272 

346.21670670 

1.25 

0.2718 

M9R13 

1.22459409 

1.40007538 

212.44935347 

0.77 

0.3677 

Round*  on  oondltlon  nuabar: 

40.77612. 

2011.962 

Rtap  7  Variable  M9R13  Raaovad  R-aquare 

■  0.63304705 

C(p) 

•  6.66191793 

DP 

Sue  of  Squares 

Mean  Square 

P 

Prob>  P 

Ragraaaion 

11 

49557.34430143 

4505.21311831 

16.33 

0.0001 

Irror 

36 

9931.90569857 

275.88626940 

Total 

47 

59489.25000000 

Paraaatar 

Standard 

Type  II 

153 
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Variable 

Bstiaata 

Brror 

St*  of  Squares 

P 

Prob>P 

INTIBCBP 

331.41217279 

124.12842601 

1966.43827758 

7.13 

0.0113 

•1 

-115. 77611627 

21.91994671 

7696.42514036 

27.90 

0.0001 

12 

10.86423774 

10443.88366646 

37.66 

0.0001 

*3 

76.64727769 

15.29802391 

6961.71740977 

25.23 

0.0001 

•4 

13.82466062 

8.01184061 

S21. 52263307 

2.96 

0.0930 

>6 

32.34067249 

12.46295676 

1857.74457466 

6.73 

0.0136 

67 

47.090149S4 

11.65142407 

4506.42561830 

16.33 

0.0003 

MONTH 

4.21422584 

1.52901445 

2095.76468616 

7.60 

0.0091 

MS62 

-1.27446101 

0.70040606 

913.47577697 

3.31 

0.0771 

H9B4 

•1.97713125 

0.87449322 

1410.22429644 

5.11 

0.0299 

Msie 

-1.76164937 

0.60788799 

2316.97798445 

8.40 

0.0084 

HSR12 

-1.09512260 

1.12992191 

259.15457085 

0.94 

0.3389 

Bounds  on 

condition  ntaber: 

20.89922, 

847.8329 

Stap  6  Variable  M8K12  Baaovad  K-aquare 

-  0.82889073  C(p) 

•  5.48240279 

DP 

Sub  of  Squares 

Naan  Square 

P 

Prob>  P 

Bagreaslon  10 

49298.18973059 

4929.81697306 

17.90 

0.0001 

Error 

37 

10191.06026941 

275.43406134 

Total 

47 

59489.25000000 

Paraaetar 

Standard 

Type  11 

Variable 

Bstiaata 

Brror 

Sue  of  Squares 

P 

Prob>  P 

INTIBCBP 

232.59038274 

70.73474169 

2978.07484913 

10.81 

0.0022 

B1 

-112.67527465 

21.66742431 

7448.35419123 

27.04 

0.0001 

B2 

-65.81927370 

10.60375996 

10222.89650749 

37.12 

0.0001 

B3 

74.60371508 

15.10947268 

6714.90603950 

24.38 

0.0001 

B4 

14.41758988 

7.98161509 

698.71382086 

3.26 

0.0790 

B6 

28.97250488 

11.95882539 

1616.63763814 

5.87 

0.0204 

B7 

48.76949894 

11.51241897 

4942.89130239 

17.95 

G.  0001 

MONTH 

3.79774847 

1.46618682 

1847.95510960 

6.71 

0.0136 

MSB2 

-1.36467220 

0.69362750 

1066.15837604 

3.87 

0.0567 

M8B4 

-1.82444664 

0.85948116 

1241.10136411 

4.51 

0.0405 

MSB6 

-1.71118066 

0.60515702 

2202.28350431 

6.00 

0.0075 

Bounds  on 

condition  nuabor: 

20.454, 

732.6559 

all  variable*  left  In  tha  eodel  ara  significant  at  tha  0.1000  laval. 
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Sueaary  of  Backward  lllainatlon  Procedure  for  Dapandant  Var labia  MSB7 


Variable 

Nuaber 

Partial 

Modal 

Stap 

Beaoved 

In 

l'«I 

*••2 

C(P) 

P 

Prob>P 

1 

HSB8 

17 

0.0000 

0.8422 

17.0035 

0.0035 

0.9530 

2 

HSRS 

16 

0.0001 

0.8421 

15.0170 

0.0139 

0.9069 

3 

HSR1 

15 

0.0007 

0.8414 

13.1476 

0.1395 

0.7113 

4 

HSB9 

14 

0.0007 

0.8407 

11.2732 

0.1390 

0.7127 

5 

HSB3 

13 

0.0013 

0.8394 

9.5156 

0.2733 

0.6046 

6 

BS 

12 

0.0028 

O.S36S 

6.0255 

0.5873 

0.4487 

7 

MIB13 

11 

0.0036 

0.8330 

6.6918 

0.7650 

0.3877 

8 

MSB  12 

10 

0.0044 

O.S287 

5.4924 

0.9394 

0.3389 

The 

SAS  Systea 

16:47  Thursday,  July 

12,  1990 

IS 

Backward  lllainatlon  Procedure  for  Dapandant  Var labia  NSB8 
Stap  0  All  Varlablas  Bntarad  t- square  *  0.46913237  C(p)  ■  19.00000000 


1S4 


DP 

8ua  of  Squares 

Moan  Square 

P 

Prob>P 

■egrets  i< 

>n  16 

3635.21674816 

201.95659712 

3.26 

0.0023 

Irror 

29 

1797,81444351 

61.98325667 

Total 

47 

5432.73319167 

Paraaeter 

Standard 

Typo  11 

Variablo 

lotlaate 

Irror 

6«a  of  Squares 

P 

Prob>P 

INTIRCIP 

1.95778159 

98.62198081 

0.02545472 

0.00 

0.9840 

>1 

3.69022942 

28.74177839 

1.02177166 

0.02 

0.6967 

02 

6.42708559 

21.69632571 

5.33925257 

0.09 

0.7712 

05 

6.51013097 

19.71471687 

6.75664916 

0.11 

0.7436 

04 

•6.56769623 

8.00920913 

41.67937888 

0.67 

0.4169 

05 

4.54226257 

19.69688403 

3.29637621 

0.05 

0.6192 

06 

9. 1751815S 

13.75587063 

3.29828421 

0.05 

0.8192 

07 

-15.35513697 

9.49167064 

162.21707087 

2.62 

0.1165 

MONTH 

0.05239306 

0.94711166 

0.18967915 

0.00 

0.9563 

MSI1 

0.16366111 

0.15582335 

72.61715324 

1.17 

0.2880 

HSE2 

0.04225398 

0.37366805 

0.79172252 

0.01 

0.9108 

MSRJ 

-0.16324615 

0.11101330 

134 .032537,48 

2.16 

0.1522 

MSR4 

•0.51839205 

0.56309605 

52.53225700 

0.85 

0.3648 

HSR5 

1.19633481 

0.75460720 

15S. 76942797 

2.51 

0.1237 

HSR6 

0.48875690 

1.12912122 

11.59017619 

0.19 

0.6686 

HSR7 

0.00482900 

0.08125236 

0.21893576 

0.00 

0.9530 

MSR9 

-0.21693684 

0.87694195 

3.77590111 

0.06 

0.6066 

MSR12 

•0.25344628 

0.59978746 

11 . 16754901 

0.18 

0.6757 

MSR13 

0.88533244 

0.82416916 

71.52443367 

1.15 

0.2916 

Ooundt  on 

cundltlon  number : 

202.6513. 

13339.43 

Step  1  Variable  MONTH  Reaoved  ■- square 

«  0.66909766  C(p) 

>  17.00306017 

or 

Sua  of  Squares 

Moan  Square 

P 

Prob>? 

■egreaaion  17 

3635.02906900 

213.82523935 

3.57 

0.0011 

Irror 

30 

1747.70412266 

59.92347076 

Total 

47 

5432.73319167 

Psraatter 

Standard 

Type  II 

Variable 

Cat lasts 

Irror 

Ita  of  Squares 

P 

Prob>P 

IHTIRCIP 

0.9S304627 

32 • 37620610 

0.00637830 

0.00 

0.9918 

01 

3.25524741 

2’..  18202924 

0.85941160 

0.01 

0.9053 

02 

6.01924776 

20.27446698 

5.28180681 

0.09 

0.7686 

05 

6.79714578 

18.70105145 

7.91622407 

0.13 

0.7168 

04 

•6.65069615 

7.73559025 

44.29393452 

0.74 

0.3967 

OS 

5.03797186 

17.24624047 

5.11351530 

0.09 

0.7722 

06 

3.34428377 

13.17903435 

3.85865564 

0.06 

0.6014 

07 

•18.31864996 

9.31031213 

162.22612792 

2.71 

0.1103 

NSR1 

0.16791482 

0.15263708 

72.51951961 

1.21 

0.2800 

N8R2 

0.04428397 

0.36S82847 

0.87808193 

0.01 

0.9045 

The  8AS  System  16:47  Thursday 

.  duly 

12,  1990 
16 

M8R3 

•0.16380569 

0.10869913 

136.08267367 

2.27 

0.1423 

HIR4 

-0.51608578 

0.55214124 

82.35285448 

0.97 

0.3874 

MSR5 

1.19979341 

0.73941194 

187.77456334 

2.63 

0.1191 

HIR6 

0.44534632 

1.03282410 

12.16486146 

0.20 

0.4555 

M8R7 

0.00619180 

0.07613029 

0.39638352 

0.01 

0.9357 

HSR9 

•0.22629079 

0.94807109 

4.26644537 

0.07 

0.7914 

HSR  12 

•0.24864209 

0.58352265 

10.88004787 

0.18 

0.6731 

MSR1S 

0.69747140 

0.78110728 

79.10738319 

1.32 

0.2896 

Sounds  on 

oondltlon  niaber; 

175.3874, 

11295.23 

8 tap  2  Variable  HSR7  Removed  ■- square  ■  0.68802470  C(p)  •  15.00945518 

OF  tui  of  Squares  Mean  Square  P  Prob>P 

155 


•^r 


Rasraaalon 

IS 

3634.63268546 

227.16454284 

3.92 

0.0006 

Error 

31 

1T98.100S0618 

68.00324214 

Total 

47 

5432.73319167 

Paraaatar 

Standard 

Typa  11 

Varlabla 

Bstlaata 

krror 

Sua  of  Squaras 

f 

Prob>P 

INTERCEP 

1.64853728 

90.49270327 

0.01927300 

0.00 

0.9686 

■1 

2.18881033 

23.42607673 

0.50639461 

0.01 

0.9262 

•2 

5.30901809 

18.00190729 

5.04479834 

0.09 

0.7700 

B3 

7.44665489 

16.83703136 

11.62045285 

0.20 

0.6576 

M 

•6.60363922 

7.58932106 

43.91502092 

0.76 

0.3909 

■3 

5.44769015 

16.22766778 

6.53679475 

0.11 

0.7394 

BE 

3.64946975 

12.42946695 

S.000407S3 

0.09 

0.7710 

B7 

-15.03296104 

8.48199350 

182.19877917 

3.14 

0.0862 

N8R1 

0.16837660 

0.15006784 

73.01997477 

1.26 

0.2705 

H8R2 

0.03669079 

0.34800142 

0.84476923 

0.01 

0.9167 

H8R3 

•0.16328066 

0.10675457 

135.69029847 

2.34 

0.1363 

NSR4 

-0.52615620 

0.52938725 

57.29737150 

0.99 

0.3280 

NSRS 

1.20002082 

0.72746317 

157.83663534 

2.72 

0.1091 

H8R6 

0.44035438 

0.97012841 

11.95091491 

0.21 

0.6531 

HSR9 

•0.22490935 

0.83420501 

4.21620476 

0.07 

0.7892 

HSR12 

-0.25570838 

0.56769783 

11.76813726 

0.20 

0.6555 

HSR13 

0.81619994 

0.73433742 

90.29037740 

1.56 

0.2215 

Bounds  on  condition  nuabar: 

159.8623, 

9096.37 

Stap  3  Varlabla  B1  Raaovad  R-squara 

«  0.66893149  C(p) 

>  13.01762504 

or 

Sua  of  Squaras 

Naan  Squara 

r 

Prob>P 

Ragraaaion 

is 

3634.12629067 

242.27505604 

4.31 

0.0003 

Error 

32 

1798.60690100 

56.20646566 

Total 

47 

5432.73319167 

Paraaatar 

Standard 

Typa  11 

Varlabla 

Eatlaata 

Error 

Sua  of  Squarsa 

f 

Prob>  P 

INTERCEP 

6.61121580 

72.13041360 

0.47218490 

0.01 

0.9275 

B2 

3.78409283 

7.47838766 

14.39109596 

0.26 

0.6163 

Tha  BAS  Syatsa  16:47  Thursday 
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12,  1990 
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B3 

6.91088910 

8.49989552 

147.54329413 

2.63 

0.11S0 

B4 

•6.69433773 

7.40948861 

45.88017262 

0.62 

0.3730 

B5 

6.52935192 

11.19456945 

19.12104576 

0.34 

0.5638 

B6 

4.74347607 

4.10066436 

75.21559191 

1.34 

0.2559 

BY 

-14.79616899 

7.96819519 

193.80497201 

3.45 

0.0726 

HSR1 

0.16996054 

0.14677948 

75.36199546 

1.34 

0.2555 

HSR2 

0.02706732 

0.32722207 

0.38458440 

0.01 

0.9346 

MSB3 

•0.18235238 

0.10463203 

135.32382536 

2.41 

0.1306 

HSR4 

•0.53818088 

0.50549048 

63.71135605 

1.13 

0.2950 

NSRS 

1.19247323 

0.71167871 

157.80312578 

2.91 

0.1036 

M8R8 

0.35844899 

0.40913459 

43.14262673 

0.77 

0.3675 

MRS 

•0.24414498 

0.79578417 

5.29043384 

0.09 

0.7610 

H8R12 

-0.26216749 

0.65467723 

12.65634623 

0.27 

0.6397 

H8B13 

0.90757545 

0.71714090 

90.02079026 

1.60 

0.2148 

Bound*  on  oondltlon  niabar: 

29.34193, 

2390.705 

Stap  4  Varlabla  HSR2  Raaovad  R-aquara 

•  0.66886070  C(p) 

*  11.02382969 

DP 

Sua  of  Squaras 

Naan  Squara 

r 

Prob>P 

Ragraasion 

14 

3633.74170627 

259.55297902 

4.76 

0.0001 

Error 

33 

1798.99148539 

54.51469350 

Total 

47 

5432.73319167 

Paraaatar 

Standard 

Typa  11 

Variable 

Rattaata 

Irror 

9ua  of  Squaraa 

P 

Preb>P 

INTIRCIP 

T.S275121B 

70.19402788 

0.62692615 

0.01 

0.9152 

12 

3.9333CB6B 

7.14734126 

16.81031613 

0.30 

0.5888 

>3 

8.99617705 

5.32046948 

155.65876915 

2.86 

0.1003 

M 

-8.59;  ‘,5695 

7.19761565 

45.74716803 

0.64 

0.3663 

>S 

6.28244339 

10.82568637 

19.05716737 

0.35 

0.5564 

•e 

4.67734213 

3.96051108 

76.03454983 

1.39 

0.2460 

17 

•14.93566056 

7.66957265 

206.73921823 

3. T9 

0.0600 

N8R1 

0.17071628 

0.14427508 

76.32593669 

1.40 

0.2452 

HSUS 

-0.16558869 

0.09SS70S4 

163.65468665 

3.00 

0.0925 

HSR4 

-0.55166330 

0.47196109 

74.43333813 

1.37 

0.2510 

HSU 

1.21204604 

0.66100578 

163.29234575 

3.36 

0.0757 

HSR6 

0.37128839 

0.37260801 

64.07137978 

0.99 

0.3265 

HIM 

-0.23784741 

0.76012303 

5.06740735 

0.09 

0.7624 

HSR12 

-0.26156376 

0.54622256 

12.60251909 

0.23 

0.6352 

HSR13 

0.91532641 

0.70021221 

93.15534699 

1.71 

0.2002 

Rounds  on  condition  nuaber: 

25.11874. 

2013.873 

■  0.66792794  C(p) 

taaaa  •  a 

B(«p  9  VftrttDlt  n»«V  MM 

•< 

• 

a 

m 

* 

1 

• 

*  laAVaBOU? 

DP 

Sua  of  Squaraa 

Naan  Squara 

p 

Prob>P 

Rag rota Ion 

13 

3628.67429892 

279.12879222 

5.26 

0.0001 

Error 

34 

1804.05889275 

53.06055567 

Total 

47 

5432.73319167 

Paraaatar 

Standard 

Typa  II 

Tha  8AS  Syataa  16:47  Thursday,  July 

12,  1990 
18 

var labia 

tatlaata 

Irror 

Sua  of  Squares 

P 

Prob>P 

INTIRCIP 

5.21593729 

68.64623724 

0.30456227 

0.01 

0.9401 

B2 

4.2S2G2660 

6.97555839 

19.71540359 

0.37 

0.6462 

B3 

8.47965536 

4.97580381 

154.09966691 

2.90 

0.0975 

B4 

•6.26394820 

7.02044981 

42.24139291 

0.80 

0.37SS 

BS 

6.19532325 

10.47920196 

16.54570367 

0.35 

0.5583 

B6 

4.75973487 

3.89821839 

79.10519157 

1.49 

0.2305 

B? 

-15.46581761 

7.36955107 

233.68750720 

4.40 

0.0434 

HSR1 

0.18571104 

0.13380971 

102.20496012 

1.93 

0.1742 

HSR3 

•0.16744931 

0.09409469 

168.03829633 

3.17 

0.0S41 

H8R4 

•0.SSS936S8 

0.46539965 

75.71343185 

1.43 

0.2405 

HSR5 

1.24206453 

0.64485512 

196.85017609 

3.T1 

0.0625 

MSR4 

0.40753539 

0.34859830 

72.51902235 

1.37 

0.2505 

HSR12 

-0.29055394 

0.53067087 

15.90650738 

0.30 

0.5876 

H8R13 

0.94335146 

0.68483075 

100.68211969 

1.90 

0.1774 

Bounds  on  oonditlon  nun  bar: 

24.6351. 

1775.372 

Stop  B  variable  MBR12  Reaoved  l-aquare 

•  0.66500004  C(p) 

•  7.36221002 

DP 

Naan  Squara 

P 

Prob>P 

lagraaalon 

12 

3312.76779154 

301.06396263 

5.79 

0.0001 

Irror 

35 

1819.96540012 

51.99901143 

Total 

47 

5432.73319167 

Paraaatar 

Standard 

Typa  11 

var labia 

Istlaats 

Irror 

Sua  of  Squaraa 

P 

Prob>P 

INTIRCIP 

•10.46943966 

61.97332615 

1.48399471 

0.03 

0.S668 

B2 

3.86593421 

6.87005342 

16.46583571 

0.32 

0.5772 

B3 

8.58693280 

4.92195836 

158.26881303 

3.04 

0.0998 

B4 

-6.03998070 

6.93806112 

39.40850375 

0.76 

0.3899 

BS 

5.99590490 

10.36757969 

17.39201071 

0.33 

0.5667 

B6 

4.94653130 

3.64421939 

86.09546571 

1.66 

0.2066 

87 

-14.99063837 

7.24469478 

222.83567931 

4.28 

0.0460 

MSR1 

0.180797S8 

0.13216820 

97.30597070 

1.87 

0.1600 

HSK3 

•0.14921906 

0.08712199 

152.54155831 

2.93 

0.09S6 

M8R4 

•0.49396169 

0.44668576 

•3.33141896 

1.22 

0.2768 

NSRS 

1.1SS614S9 

0.61894045 

181.26693866 

3.49 

0.0703 

MSI# 

0.3S694S17 

0.33275102 

59.63569105 

1.15 

0.2907 

HSR13 

0.63377879 

0.44835306 

85.99508788 

1.65 

0.2069 

Rounda  on  condition  maber: 

24.6051. 

1554.405 

Stop  7  Variable  12  Ranoved 

R-aquara 

■  0.86196918 

C(p) 

*  8.62783975 

or 

Run  of  Squares 

Naan  Square 

P 

Prob>P 

Regression 

11 

3596.30195583 

326.83654144 

8.41 

0.0001 

trror 

36 

1836.43123563 

51.01197677 

Total 

47 

5432.73319167 

Paraaatar 

Standard 

Type  11 

Tha  SAS  Syataa  16:47  Thursday 

.  July 

12,  1990 
19 

Variabla 

Rstiaata 

Brror 

Sun  of  Squares 

P 

Prob>P 

INTBRCBP 

•16.46018176 

60.46986161 

3.77975348 

0.07 

0.7870 

83 

9.83554955 

4.35153225 

260.60636457 

5.11 

0.0300 

84 

-6.64583492 

6.78865266 

48.88820505 

0.96 

0.3341 

BS 

9.94336171 

7.56117211 

88.21864831 

1.73 

0.1968 

86 

5.25978065 

3.76742794 

99.43002039 

1.95 

0.1712 

87 

-15.33704652 

7.14965536 

234.73909406 

4.60 

0.0388 

MSR1 

0.14293720 

0.11267459 

82.09387153 

1.61 

0.2127 

MSR3 

•0.14265920 

0.08551520 

141.96624989 

2.76 

0.1039 

MS84 

•0.29832955 

0.27611464 

58.69715007 

1.15 

0.2906 

NSRS 

1.06113653 

0. 59005262 

164.98072683 

3.23 

0.0805 

MSR6 

0.20716596 

0.19778656 

55.96486009 

1.10 

0.3019 

MSR13  • 

0.93685361 

0.61600934 

117.98880897 

2.31 

0.1370 

Bound*  on  condition  nunber: 

13.44892. 

924.0826 

Stop  $  Variabla  B4  Ranoved 

R-squara 

«  0.65297036 

C(p> 

■  4.41659219 

or 

Sun  of  Square* 

Naan  Square 

P 

Prob>P 

Rafraaalon 

10 

3547.41375078 

354.74137508 

6.96 

0.0001 

Irror 

37 

1885.31944069 

50.95457948 

Total 

47 

5432.73319167 

Paraaatar 

Standard 

Type  11 

Variable 

Rat lasts 

•rror 

Sub  of  Squares 

r 

Prob>P 

1HTKRCIP 

-10.09806775 

60.08579163 

1.43916361 

0.03 

0.8675 

83 

11.50967349 

3.99917152 

422.05511266 

6.26 

0.0066 

85 

6.16224805 

6.49660563 

45.84463993 

0.90 

0.3490 

B8 

5.23993104 

3.76525323 

98.68382748 

1.94 

0.1723 

R7 

-20.76362609 

4.51304876 

1078.57306282 

21.17 

0.0001 

H3R1 

0. 17030072 

0.10909110 

124.17598767 

2.44 

0.1270 

MIIS 

-0.12700877 

0.08396030 

116.60109920 

2.29 

0.1368 

M8R4 

•0.32436822 

0.27668207 

70.04063965 

1.37 

0.2465 

MSR3 

1.47128018 

0.41526184 

639.63164163 

12.55 

0.0011 

NSRS 

0.30469033 

0.17077030 

162.20934704 

3.18 

0.0826 

MSR13 

0.75441080 

0.58681195 

84.21726150 

1.65 

0.2066 

Bounds  on  condition  nun bar : 

9.939649, 

527.1538 

Stap  8  Variabla  85  Ranovad 

8- square 

•  0.64453176 

C(p> 

•  3.15622161 

DP 

Sun  of  Squares 

Naan  Square 

r 

Prob>  P 

158 


Ragraaaion 

e 

3301.56911065 

369.06323434 

7.66 

0.0001 

Irror 

38 

1931.16403082 

50.82010739 

Total 

47 

5432.73319167 

Rarajaatar 

Btandard 

Typa  II 

Variabla 

latiaata 

Irror 

lia  of  Squaroa 

P 

Prob>P 

INTIRCIP 

37.15143629 

33.55539349 

1.23 

0.2752 

IS 

1S.S88SB227 

3.34069017 

640.83758536 

16.55 

0.0002 

Tha  gag  lyataa  16:47  Thuraday,  July 
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»e 

7. 1S7S447S 

3.17228441 

258.71373609 

8.09 

0.0299 

>7 

•18.42833007 

3.77803S56 

1209.26808542 

23.60 

0.0001 

HSR1 

0.16078557 

0.10848547 

111.63145563 

2.20 

0.1466 

HSR3 

•0.13370168 

0.07899930 

192.37397011 

3.79 

0.0591 

MSM 

•0.46884846 

0.23068873 

209.91701504 

4.13 

0.0491 

H»S 

1.53766784 

0.40872661 

719.55323933 

14.16 

0.0006 

MSRS 

0.31216238 

0.17036327 

170.62562853 

3.36 

0.0747 

NSR1S 

0. 2S2SS690 

0.32708156 

40.65838230 

0.80 

0.3767 

Bound*  on  condition  nuabar: 

5.672815, 

299.0091 

StaplO  Variabla  HSR13  Raaovad  R-aquara 

■  0.63704780 

C(p) 

*  1.81217911 

or 

Sua  of  Squarai 

Maan  Squara 

P 

Prob>P 

Ragraaaion 

8 

3460.01072655 

432.61384107 

8.56 

0.0001 

Irror 

38 

1971.82246312 

50.55955034 

Total 

47 

5432.73319167 

Paraaatar 

Standard 

Typo  ii 

Variabla 

latiaata 

Irror 

Sua  of  Squaroa 

r 

Prob>P 

INTERCEP 

66.30976087 

7.93357938 

3531.99258622 

69.86 

0.0001 

13 

13.66001221 

3.33116330 

850.18518419 

16.82 

0.0002 

16 

8. 13328334 

2.96291202 

382.85165983 

7.37 

0.0069 

17 

•18.63104334 

3.76161865 

1240.30365864 

24.53 

0.0001 

H8R1 

0.17678783 

0.10872545 

138.73065396 

2.74 

0.1057 

HSR3 

-0.15761172 

0.07867379 

202.90743066 

4.01 

0.0521 

HSR4 

-0.36588255 

0.19940080 

170.22870314 

3.37 

0.0742 

HSR5 

1.38701417 

0.37130161 

705.52326415 

13.95 

0.0006 

HSR6 

0.29394361 

0.16870710 

133.484S07S6 

3.04 

0.0893 

Round*  on  eondltlon  nuabar: 

5.546335, 

233.862 

Stapll  Variabla  H8R1  Raaovad  R-aquara 

•  0.61131173 

C(p) 

■  2.03037474 

or 

Sia  of  Squaroa 

Moan  Square 

r 

Prob>P 

Ragraaaion 

7 

3322.18007459 

474.59715351 

8.99 

0.0001 

Irror 

40 

2110.55311707 

52.76362793 

Total 

47 

5432.73319167 

Paraaatar 

2 

! 

m 

Typo  11 

Variabla 

latiaata 

Irror 

Sia  of  Squaroa 

r 

Prob>f 

INTIRCtr 

75.93898345 

8.51612776 

9996.86664956 

189.49 

0.0001 

13 

14.07328375 

3.06029801 

1435.51866724 

27.59 

0.0001 

■e 

7.09502353 

2.95561241 

304.05280469 

5.76 

0.0211 

17 

•18.24005406 

3.83517005 

1193.49138071 

22.62 

0.0001 

HSRS 

•0.12833237 

0.07832074 

141.70675167 

2.69 

0.1091 

MSM 

-0.36721070 

0.20369949 

171.46957869 

3.25 

0.0790 

MSRS 

1.48723446 

0.37423766 

933.32036411 

15.79 

0.0003 

HSie 

0.07440169 

0.10663692 

25.98542487 

0.49 

0.4694 

•ounda  on  condition  nuabar: 

4.580649, 

139.9405 

Tha  iai  lyataa  16:47  Thuraday,  July  12.  1990 
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St«pl2  Variable  HSUS  twov«4 


l-mutri  •  0.60878383  C(p)  *  0.68476768 


A 


OP 

6«a  of  Square* 

Mean  Square 

P 

Prob>P 

lafraaalon 

6 

3286.49464973 

549.41577495 

10.54 

0.0001 

Irror 

41 

2136.23854184 

62.10337907 

total 

47 

5432.73319167 

Paraaeter 

ttandard 

Type  11 

Variable 

tat la* t a 

Brror 

Ita  of  Square* 

P 

Prob>P 

1KT8BCIP 

78.13600066 

4.49745855 

15727.37129828 

301.65 

0.0001 

63 

16.17780647 

3.03745284 

1478.00288127 

28.37 

0.0001 

66 

7.83384628 

2.68932673 

452.35667209 

8.68 

0.0053 

87 

•18.03428012 

3.63934180 

1425.25818569 

27.35 

0.0001 

NSB3 

•0.083024S1 

0.05937716 

127.68564477 

2.45 

0.1249 

NSB4 

•0.32167607 

0.19175027 

146.63269917 

2.81 

0.1010 

MSB5 

1.33033056 

0.29723412 

1043.72887771 

20.03 

0.0001 

Bound*  on  oondltlon  nuabar : 

3.05043, 

82.01235 

Stepll  Variable  NSB3  Baaovad  B> square 

*  0.58324399 

C(p)  «  0.52799656 

DP 

6ua  of  Squares 

Kean  Square 

P 

Prob>P 

Ragraaaion 

6 

3168.60000496 

633.72180099 

11.76 

0.0001 

Brror 

42 

2264.12418671 

53.90771873 

Total 

47 

5432.73319167 

Paraaeter 

Standard 

Type  11 

variable 

Estimate 

Brror 

Sub  of  Squares 

r 

Prob>P 

IKTSBCIP 

76.27400412 

4.41168877 

16113.66431709 

293.91 

0.0001 

63 

16.66085863 

3.06354699 

1390.83002177 

25.60 

0.0001 

86 

8.21330038 

2.60426038 

674.70295756 

12.52 

0.0010 

67 

-21.23578281 

3.41474458 

2084.83393775 

38.67 

0.0001 

HSR4 

-0.27675833 

0.19284969 

111.02417891 

2.06 

0.1587 

MSRS 

1.06786540 

0.25615991 

957.42223743 

17.76 

0.0001 

Bound*  on  condition  nuabar: 

2.595654, 

48.7456 

Stepl4  Variable  H8B4  Baaovad  B- square 

>  0.56280764 

C(p)  ■  0.31919285 

DP 

9ua  of  Squares 

Hear  Square 

f 

Prob>P 

4 

3057.58482605 

764.39620651 

13.84 

0.0001 

Irror 

43 

2375.14836561 

S5.23600SS0 

Total 

47 

5432.73319167 

Paraaeter 

Standard 

Type  11 

Variable 

Bstlaate 

Irror 

Sua  of  Squares 

P 

Prob>P 

INTBICBP 

73.86604506 

4.15922242 

17470.15854946 

316.26 

0.0001 

The  SAS  Spates  16:47  Thursday,  July 

12,  1990 
22 

13 

15.54200413 

3.10103352 

1387.46937830 

25.12 

0.0001 

66 

8.48250847 

2.62678303 

720.23609277 

13.04 

0.0008 

67 

•21.66474043 

3.42611680 

2253.72414890 

40.80 

0.0001 

MSB5 

0.85166369 

0.24299349 

647.22744272 

15.34 

0.0003 

6ounda  on  oondltlon  nuabar: 

2.550136, 

31.94136 

All  variables  left  in  the  aod*l  at*  sifnif leant  at  tha  0.1000  laval. 
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Siaaary  of  Backvmrd  Blialnatlon  Procedure  for  Dependent  Variable  H8R8 


St 


1 

1 

1 


Vorloblo 

Beeoved 

M  wbar 
In 

Fart la 1 
B««2 

Modal 

B“*2 

C(P) 

F 

Frob>F 

MONTH 

17 

0.0000 

0.6681 

17.0031 

0.0031 

0  8563 

HSB7 

16 

0.0001 

0.0680 

1S.008S 

0.0000 

0.83S7 

B1 

IS 

0.0001 

0.0608 

13.0170 

0.0007 

0.8262 

HSE2 

0.0001 

0.0008 

11.0230 

0.0008 

0.8340 

MIS 

13 

o.ooos 

0.6070 

8. 1086 

0.0830 

0.7024 

MSI12 

12 

0.002S 

O.OOSO 

7.3022 

0.2880 

0.S670 

>2 

11 

0.0030 

0.0620 

S.0278 

0.3107 

0.8772 

B4 

10 

0.0080 

0.6S30 

4.4100 

0.0S84 

0.3341 

SS 

S 

0.0044 

0.044S 

3.1S62 

0.6887 

0.3480 

HSB13 

• 

0.007$ 

0.0370 

1.0122 

0.0000 

0.3707 

HSK1 

7 

0.02SS 

0.611S 

2.0S04 

2.7438 

0.1057 

MSI® 

4 

0.0047 

0.6000 

0.4040 

0.4060 

0.4084 

HSB3 

S 

0.023S 

O.S832 

0.8260 

2.4S4S 

0.1248 

NSB4 

4 

0.0204 

0.S628 

0.3182 

2.0S8S 

0.1807 

Tha 
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Itckwrd  Iliainotlon  Procedure  for  Dependent  Variable  HStS 


Stop  0  All  Vorlobloa  Bntorod  E-square  ■  0.3SSSS16S  C(P)  •  IS. 00000000 


Of 

Sua  of  Squares 

Mean  Square 

F 

Frob>f 

Regression 

10 

44.17487303 

2.45416817 

0.68 

0.5848 

Error 

28 

00.06488304 

2.70066185 

Total 

47 

124.23086667 

Faraaatar 

Standard 

Type  11 

varlabla 

Eatlaata 

Error 

Sua  of  Squares 

F 

Frob>F 

INTERCBP 

10.51178605 

18.88623138 

2.38241684 

0.87 

0.3586 

81 

•0.04124418 

5.88106660 

5.10153588 

1.87 

0.1820 

82 

•7.38080861 

4.42080584 

7.08575642 

2.78 

0.1056 

83 

7.28735750 

3.84220803 

8.40012436 

3.43 

0.0744 

84 

-2.05070027 

1.66008264 

4.17867688 

1.81 

0.2285 

85 

5.62758246 

4.01758100 

5.80887558 

2.10 

0.1576 

86 

3.72623120 

2.02225171 

4.81274423 

1.74 

0.1871 

87 

2.81044813 

2.02550026 

5.31534584 

1.83 

0.1758 

MONTH 

•0.20636108 

0.18618101 

3.05451384 

1.11 

0.3016 

M8B1 

•0.05387441 

0.03201184 

7.84872835 

2.84 

0.1025 

MSB2 

0.01676132 

0.07886078 

0.12472078 

0.05 

0.8332 

HSB3 

0.01012516 

0.02421427 

0.48273208 

0.17 

0.6788 

MSR4 

0.00451831 

0.12056250 

0.00387838 

0.00 

0.8704 

MSB5 

•0.13626758 

0.19407810 

1.80426882 

0.68 

0.4130 

H6B6 

•0.48081540 

0.22176187 

12.88388370 

4.70 

0.0388 

MSB7 

0.00715523 

0.01708780 

0.48351680 

0.16 

0.0767 

MS  B0 

•0.00866281 

0.03814888 

0.10818641 

0.06 

0.0068 

MSB12 

0.10685184 

0.12541135 

2.00781373 

0.73 

0.4008 

H0B13 

•0.08045073 

0.17057060 

0.72448836 

0.26 

0.6123 

Bounds  on  condition  nuaber: 

175.4870, 

12325.72 

Stop  1  Varlabla  H0B4  Boat 

>vsd  B- square 

■  0.35553047  C(p) 

•  17.00140514 

or 

Sub  of  Squares 

Mean  Square 

r 

Frob>F 

Regression 

17 

44.17108364 

2.88628863 

0.87 

0.5087 

Brror 

30 

80.06887303 

2.60886243 

Total 

47 

124.23886667 

Faraaatar 

Standard 

Type  II 

Varlabla 

Eatlaata 

Error 

Sva  of  Squares 

r 

Prob>f 

INTIBCIF 

18.04635177 

17.44623728 

3.11518608 

1.17 

0.2686 

81 

•8.10405283 

5.54270810 

8.70562184 

2.14 

0.1541 

101 


B2 

•7.97667981 

4.34523481 

7.69197434 

2.88 

0.0999 

•5 

7.39570689 

9.74323319 

10.25021273 

3.64 

0.0894 

M 

1.61763879 

1.59 

0.2148 

B5 

5.76941194 

3.82116088 

6.12661536 

2.30 

0.1402 

as 

3.74940081 

2.70751607 

5.11826085 

1.92 

0.1763 

a? 

2.82240175 

1.96667219 

2.06 

0.1616 

MONTH 

•0.20561129 

0.19235891 

9.05533583 

1.14 

0.2932 

Mill 

-0.05949892 

0.02869133 

9.15140363 

3.43 

0.0739 
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NSR2 

0.01SS8S98 

0.07114508 

0.12609172 

0.05 

0.8281 

Nats 

0.00975797 

0.02177279 

0.53608495 

0.20 

0.6572 

HSRS 

•0.13900588 

0.13677086 

2.52404450 

0.95 

0.3366 

Hsae 

-0.46047205 

0.21772947 

12.99703479 

4.87 

0.0331 

H3RT 

0.00700752 

0.01635825 

0.48977554 

0.18 

0.6714 

MSRS 

•0.00991084 

0.03793905 

0.16213374 

0.07 

0.7957 

MSR12 

0.10558175 

0.11795589 

2.13836027 

0.60 

0.3779 

MSR19 

-0.09126022 

0.17230373 

0.74871434 

0.26 

0.6003 

Bounds  on  condition  nuaber: 

174.9286, 

10896.38 

Stop  2  Variable  M8B2  Reeoved  R-square 

•  0.35449947 

C(p) 

•  13.04780070 

DP 

Sua  of  Squares 

Mean  Square 

P 

Prob>P 

Regression 

16 

44.04300191 

2.75268762 

1.06 

0.4234 

trror 

31 

80.19696475 

2.56699886 

total 

47 

124.23996667 

Parameter 

Standard 

Type  11 

Var labia 

Batlaate 

Brror 

Sua  of  Squares 

P 

Prob>P 

INTBRCRP 

19.54301805 

16.89017945 

3.46346884 

1.34 

0.2561 

B1 

-8.43369679 

5.25200026 

6.67087372 

2.58 

0.1185 

B2 

-7.62911495 

4.12483223 

8.84976983 

3.42 

0.0739 

B3 

7.60654217 

3.47651540 

12.37037689 

4.78 

0.0964 

B4 

-2.00901409 

1.58624081 

4.14976941 

1.60 

0.2148 

as 

5.94062551 

9.70014328 

6.66842861 

2.58 

0.1165 

B6 

9.86303130 

2.61624646 

5.64021141 

2.18 

0.1499 

BT 

2.79854574 

1.93326816 

5.42096623 

2.10 

0.1578 

MONTH 

-0.20293718 

0.16894064 

2.96448030 

1.13 

0.2911 

MSR1 

-0.05998750 

0.02835916 

9.3753295? 

3.62 

0.0663 

MSRS 

0.00912612 

0.02124695 

0.47728215 

0.16 

ft  -iTOS 

HSRS 

•0.13171780 

0.19452985 

2.47997062 

.'  ne 

y.a3S 

MSR6 

-0.48978276 

0.21023669 

14.04061735 

5.43 

0.02.15 

MSR7 

0.00629203 

0.01578087 

0.41126034 

0.16 

0.6925 

MSRS 

-0.00911671 

0.09718107 

0.15553520 

0.06 

0.607N 

MSR12 

0.10701921 

0.11595075 

2.20380193 

0.85 

0.3632 

HSR1S 

-0.06455425 

0.16693893 

0.66366933 

0.26 

0.6161 

Bounda  on  condition  nwb«r; 

168.3307, 

9655.062 

Stop  S  Variable  MSRS  Reaoved  R-aquare 

•  0.33324757 

C(p) 

•  13.10413644 

DP 

Bib  of  Squares 

Mean  Square 

P 

Prob>P 

Ragraaalon 

IS 

43.88746671 

2.92583111 

1.17 

0.3452 

Brror 

92 

80.95249995 

2.51101562 

Total 

47 

124.23996667 

Paraaeter 

Standard 

Type  11 

Variable 

Batlaate 

Brror 

lie  of  Squares 

P 

Prob>P 

INTIRCSP 

19.85636431 

16.59258443 

3.59600931 

1.43 

0.2402 

B1 

-8.51892024 

5.16295352 

6.83631535 

2.72 

0.1087 
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12 

-7.67391165 

4.05981709 

8.97160346 

3.57 

0.0676 

13 

7.S7296446 

3.42439393 

12.26043666 

4.69 

0.0343 

94 

•1.94330S7S 

1.54030927 

3.99663140 

1.59 

0.2162 

IS 

9.  IS 1864 12 

3.62791954 

6.53319403 

2.60 

0.1166 

16 

3.95384001 

2.57727440 

5.61455649 

2.24 

0.1446 

17 

2. 96563065 

1.71242593 

6.95121222 

2.77 

0.1059 

MONTH 

•0.20356364 

0.18612824 

3.00346367 

1.20 

0.2623 

Hill 

-0.05512638 

0.02756097 

10.04641366 

4.00 

0.0540 

HS13 

0.01036268 

0.02033440 

0.65212460 

0.26 

0.6138 

MS1S 

•0.13993131 

0.12136414 

2.96391937 

1.10 

0.2636 

Htie 

-0.49393869 

0.20645201 

14.37332561 

5.72 

0.0226 

HS17 

0.00617549 

0.01554033 

0.39652604 

0.16 

0.6937 

HS112 

0.10799877 

0.11416743 

2.24699751 

0.89 

0.3513 

HSR13 

•0.09473554 

0.15930025 

0.86806017 

0.35 

0.5562 

Rounds  on 

condition  nuaber: 

187.2366, 

6904.459 

Step  4  Variable  HS11  Reaoved  l*i«uar«  ■  0.3S00SS96  C(p)  «  11.24776044 


or 

Sua  of  Squares 

Mean  Square 

P 

Prob>P 

R*greesi< 

>n 

14 

43.49094067 

3.10649576 

1.27 

0.2769 

8rror 

33 

80.74902599 

2.44694018 

Total 

47 

124.23996667 

Paraaeter 

Standard 

Type  II 

variable 

■atlaate 

■rror 

Sua  of  Squares 

r 

Prob>P 

1NTKKCIP 

20.02806183 

16.37395954 

1.50 

0.2299 

61 

-9.1S072679 

4.84249883 

6.75295131 

3.56 

0.0674 

62 

-8.15943294 

3.82189038 

11.15287548 

4.56 

0.0403 

63 

7.94347996 

3.25270391 

14.39336023 

5.96 

0.0201 

64 

•1.90749580 

1.51792528 

3.86411237 

1.58 

0.2177 

65 

6.11016307 

3.52339174 

7.35680154 

3.01 

0.0922 

66 

4.00488269 

2.51635898 

6.19808830 

2.53 

0.1210 

87 

3.22370645 

1.63663442 

9.50538431 

3.88 

0.0572 

MONTH 

-0.18293118 

0.17644470 

2.63015670 

1.07 

0.3074 

HSR1 

-0.05559339 

0.02718251 

10.23506136 

4.18 

0.0489 

MSR3 

0.01229654 

0.01948873 

0.97443943 

0.40 

0.5323 

MS6S 

-0.15032846 

0.12405635 

3.59308712 

1.47 

0.2342 

HSR6 

-0.50882507 

0.20041761 

15.77203517 

6.45 

0.0160 

MSR12 

0.10213870 

0.11175726 

2.04386638 

0.64 

0.3674 

MSR13 

-0.08215906 

0.15411999 

0.69537060 

0.28 

0.5975 

bounds  on 

condition  niaber; 

161.7305, 

7735.707 

•tap  S  Variable  HSK13  Reaoved  ■•square  »  0.34445896  C{p)  •  9.49962766 


OP 

Sua  of  Squares 

Mean  Square 

P 

Prob>P 

Regression 

13 

42.79557008 

3.29196693 

1.37 

0.2219 

■rror 

34 

81.44439659 

2.39542343 

Total 

47 

124.23996667 

Paraaeter 

Standard 

Type  II 

The  SAS  Systsa 

16:47  Thursday 

July  12,  1990 

26 

variable 

Ratlaete 

■rror  Sia  of  Squares 

P 

Prob>P 

INTRRCIP 

14.29685903 

12.21929568 

3.27922499 

1.37 

0.2501 

61 

•9.40709552 

4.76902435 

9.32039506 

3.89 

0.0567 

82 

•8.40528379 

3.75381227 

12.00997095 

5.01 

0.0316 

83 

7.86997190 

3.21674962 

14.41116066 

6.02 

0.0195 

64 

•2.15949832 

1.42717336 

5.49446861 

2.29 

0.1395 

85 

7.02777054 

3.04177217 

12.78666482 

5.34 

0.0271 

96 

3.83039217 

2.46657572 

5.78734419 

2.41 

0.1300 

97 

3.23283116 

1.61926030 

9.54605701 

3.99 

0.0539 

MONTH 

-0.21925352 

0.16103568 

4.44049337 

1.65 

0.1823 
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M8B1 

-0. 0S722041 

0.02672478 

10.96135902 

4.38 

0.0395 

HSB9 

0.01195016 

0.01927164 

0.92107011 

0.36 

0.5393 

MSBS 

•0.14483081 

0.12231964 

3.35629570 

1.40 

0.2448 

MSBS 

-0. $1808068 

0.1973793$ 

16.56781771 

6.92 

0.0127 

MSBXB 

0.0S387SS0 

0.10S130S4 

1.51747349 

0.83 

0.4316 

Bounds  on  eooditloo  maker : 

190.2374. 

6600.811 

Stop  S  Variable  MSBS  Beam 

red  B-square 

e  0.33704533  C(p) 

e  7.83324454 

DF 

Sia  of  Squares 

Mean  Square 

F 

Frob»F 

Bosreaaion 

12 

41.87449897 

3.48954166 

1.46 

0.1774 

Brror 

38 

82.36548670 

2.35329903 

Total 

47 

124.23996667 

Faraaeter 

Standard 

Type  11 

Variable 

Bet lasts 

Brror 

Si*  of  Squares 

F 

Frob>F 

INTBBCIF 

IS. 24603900 

12.01397362 

3.78855188 

1.61 

0.2129 

B1 

-8.8402S770 

4.63925820 

6.54495698 

3.63 

0.0650 

B2 

•8.11446958 

3.69150766 

11.37076917 

4.83 

0.0346 

B3 

7.36637822 

3.14615652 

13.61179878 

5.78 

0.0216 

B4 

•2.34848418 

1.38193827 

6.79634016 

2.89 

0.0981 

BS 

6.81331919 

2.99535615 

12.17378789 

5.17 

0.0292 

B6 

3.47193603 

2.37874213 

5.01332452 

2.13 

0.1533 

B7 

3.S2179479 

1.53706076 

12.35444227 

5.25 

0.0281 

MONTH 

-0.22913211 

0.1S8630S0 

4.89757619 

2.08 

0.1580 

HSB1 

-0.0S670487 

0.02647593 

10.79481794 

4.59 

0.0393 

MSBS 

-0.12496629 

0.11700664 

2.68436689 

1.14 

0.2928 

MSBS 

-0.49122040 

0.19049655 

15.64786628 

6.65 

0.0143 

HSB12 

0.06811735 

0.10119104 

1.06837132 

0.43 

0.5053 

Bounds  on  condition  niaber : 

151.9287. 

5974.168 

Step  7  Variable  MSB12  Besov ed  B-square 

«  0.32646217  C(p) 

>  6.21949033 

DF 

Sua  of  Squares 

Mean  square 

F 

Frob>F 

Besreesion 

11 

40.80812865 

3.70982988 

1.60 

0.1404 

Brror 

36 

63.43183802 

2.31755106 

Total 

47 

124.23996667 

Faraaeter 

Standard 

Type  IX 

The  SAS  Systea  16:47  Thursday.  3uly 

12,  1990 
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Variable 

1st lasts 

Brror 

Sub  of  Squares 

r 

Frob>F 

INTBBCBF 

21.85382498 

6.87732894 

23.40135074 

10.10 

0.0030 

81 

•8.18023330 

4.57852443 

9.32535076 

4.02 

0.0524 

B2 

•3.39S22141 

3.63990656 

12.32838260 

5.32 

0.0270 

S3 

7.86877054 

3.09022219 

15.02670151 

6.48 

0.0153 

84 

•2.311868S1 

1.37033914 

6.59628551 

2.85 

0.1002 

BS 

6.97843492 

2.96253720 

12.85931256 

5. 55 

0.0241 

BS 

3.77137093 

2.31890874 

6.13065046 

2.63 

0.1126 

B7 

3.28600894 

1.48520779 

11.34468201 

4.90 

0.0334 

MONTH 

-0.20221698 

0.15254350 

4.07265064 

1.76 

0.1933 

MSB1 

-0.0S617343 

0.02626239 

10.60285497 

4.58 

0.0393 

MSBS 

-0.12479344 

0.11611426 

2.67695692 

1.16 

0.2696 

MSBS 

•0.S01194S6 

0.16847142 

16.38894444 

7.07 

0.0116 

Bounds  on  condition  nusber: 

131.0095, 

5387.776 

Step  8  Variable  MSBS  1 Moved  B- (quire  ■  0.30691349  C(p)  •  3.18910023 

Dr  lw  of  Iqutm  Moon  Square  F  Frob>  r 
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Uirttiion 

10 

38.13116972 

3.81311697 

1.64 

0.1339 

■rror 

37 

86.10879694 

2.32726478 

Total 

47 

124.23996667 

Pa roaster 

Btandard 

Type  11 

Varlabls 

1st lasts 

Brror 

Its  of  Squarss 

P 

Prob>P 

intbrcbp 

1S.S23SSS22 

6.18289131 

9.06 

0.0047 

B1 

-8. 37 t 000 14 

4.82438S32 

7.97627246 

3.43 

0.0731 

as 

•7.9S890247 

3.82574130 

11.24045244 

4.83 

0.0343 

as 

7.88458983 

3.0986S643 

15.08752359 

6.48 

0.0152 

at 

•1.0S008107 

0.70821698 

5.11633281 

2.20 

0.1466 

as 

6.13671192 

2.66312190 

10.69147422 

4.86 

0.0367 

at 

3.17746638 

2.2S877281 

4.61351605 

1.98 

0.1675 

B7 

1.99160045 

0.67089962 

12.17065717 

5.23 

0.0280 

MONTH 

•0.21850014 

0. 1S210701 

4.80231636 

2.06 

0.1593 

MSR1 

-0.0S7953BS 

0.02626496 

11.33070596 

4.67 

0.0336 

MSRS 

-0.4S6509S0 

0.18421306 

14.29238676 

6.14 

0.0179 

Bounds  on  condition  nuabsr: 

143.6606, 

4492.466 

Stop  9  Varloblo  BS  Seaovsd  R- squars 

•  0.26978157  C(p) 

•  4.86014221 

OP 

Sua  of  Squarss 

Hsan  Squars 

P 

Prob>P 

Regression 

t 

33.51765367 

3.72416374 

1.56 

0.1628 

Rrror 

38 

90.72231299 

2.38742929 

Total 

47 

124.23996667 

Paraastsr 

Standard 

Typo  it 

Variable 

Cstlaats 

frror 

Sw  of  Squarss 

P 

Prob>P 

INTIRCRP 

10.77810297 

2.79051658 

35.61606709 

14.92 

0.0004 

B1 

>2.24327904 

1.23954565 

7.81937544 

3.28 

0.0782 

Ths  SAS  Systsa  16:47  Thursday,  July 

12,  1990 

* 

28 

B2 

-3.10729796 

1.12160095 

18.32397043 

7.68 

0.0086 

as 

3.83236152 

1.15748615 

26.17160467 

10.96 

0.0020 

at 

•0.8479S3S1 

0.70242135 

3.47919837 

1.46 

0.2348 

as 

2.38432840 

1.02230641 

12.76979574 

5.35 

0.0262 

B7 

1.45067406 

0.79161668 

8.01752528 

3.36 

0.0747 

MONTH 

•0.10697946 

0.13239162 

1.61770304 

0.68 

0.4156 

HSR1 

-0.06307915 

0.02634555 

13.68634485 

5.73 

0.0217 

HSRS 

•0.21318340 

0.06459577 

26.00333707 

10.69 

0.0021 

Bounds  on  condition  nuaber : 

17.21949, 

505.5925 

ttsplO  Varlabls  MONTI  Reac 

ivsd  B- square 

■  0.25676076  C(p) 

•  3.44608353 

OP 

Sua  of  Squarss 

Hsan  Squars 

r 

Prob>P 

Isgrsssion 

8 

31.89995063 

3.98749383 

1.68 

0.1333 

Rrror 

30 

92.34001604 

2.36769272 

Total 

47 

124.23996667 

Paraastsr 

Standard 

Typs  II 

Varlabls 

1st lasts 

Brror 

Sua  of  Squarss 

P 

Prob>P 

INTRRCIP 

10.13194SS3 

2.66674362 

34.17814619 

14.44 

0.0005 

B1 

-2.09822523 

1.22187408 

6.98194859 

2.95 

0.0939 

B2 

•2.98088737 

1.10643619 

17.18556164 

7.26 

0.0104 

BS 

3.70184838 

1.14179501 

24.88509960 

10.51 

0.0024 

B4 

-0.8408150$ 

0.69945860 

3.42138748 

1.45 

0.2366 

BS 

2.2S089081 

1.00874687 

11.78671145 

4.98 

0.0315 

B7 

1 . 40828375 

0.78666794 

7.58792048 

3.20 

0.0812 

MSR1 

•0.06229220 

0.02621915 

13.36458207 

5.64 

0.0225 

MSRS 

-0.20SS11S2 

0.06365512 

24.67919469 

10.42 

0.0025 

its 


Bound*  on  oondltlon  ntaber:  16. 48102,  634 >1724 


Btopll  V*ri*bl*  B4  Raaoved 

B'tquir* 

>  0.22922224  C(p) 

*  2.68532970 

or 

Sta  of  Squaraa 

Haait  Square 

r 

rrob>6 

Besraeaion 

7 

28.47856315 

4.06636616 

1.70 

0.1369 

Brror 

40 

65.76140352 

2.36403309 

Total 

47 

124.23666667 

Paraaatar 

Standard 

Type  11 

Variable 

Bat last* 

Brror 

Sta  of  Squaraa 

r 

6rob>r 

1NTRRCBP 

8.74S04314 

2.41758556 

31.32407306 

13.08 

0.0000 

61 

>2.24638876 

1.22238539 

8.08507500 

3.38 

0.0735 

•2 

-2.85320870 

1.10759601 

15.90902114 

6.65 

0.0137 

83 

3.34950650 

1.10969800 

21.61131516 

9.11 

0.0044 

BS 

2.06421023 

1.00473778 

10.30168096 

4.30 

0.0445 

87 

0.89853055 

0.71291504 

4.69652425 

1.96 

0.1660 

HSR1 

-3.04484670 

0.02165754 

9.98674517 

4.17 

0.0477 

HSB6 

-0.18009747 

0.06037484 

21.30265952 

0.90 

0.0048 

Bound*  on  condition  nuab*r: 

15.00113, 

327.3285 

Th*  8AS  Sy*t«a  16:47  Thuraday,  July  12,  1990 
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St*pl2  variable  87  Baaovad 

R-aquar* 

>  0.19142020  C(p) 

>  2.38643773 

or 

Sue  of  Squaraa 

Mean  Square 

r 

Prob>f 

B*ar***ion 

6 

23.78203890 

3.06367315 

1.62 

0.1668 

Brror 

41 

1OO.4S702777 

2.45019336 

total 

47 

124.23996667 

Paraaatar 

Standard 

Typ*  II 

Variable 

B*tia*t* 

Brror 

Sub  of  Squaraa 

r 

Prob>P 

INTIRCEP 

6.77920373 

1.99140325 

28.39483218 

11.50 

0.0015 

81 

•1.59598673 

1.14393377 

4.76932758 

1.95 

0.1705 

82 

-2.07152908 

0.96702623 

11.24361322 

4.59 

0.0382 

B3 

2.85957182 

1.06340622 

17.65110576 

7.20 

0,0104 

85 

1.70143804 

0.99421339 

7.95506319 

3.25 

0.0789 

HSB1 

•0.02925880 

0.01914886 

5.72043220 

2.33 

0.1342 

MSR6 

-0.13393806 

0.05117559 

16.76300415 

6.85 

0.0124 

Bound*  on  condition  nuabar: 

10.53096, 

210.8752 

9t*pl3  Variable  81  Baaovad 

B-aquara 

•  0.15303217  C(p) 

•  2.11361554 

or 

Sub  of  Squaraa 

Naan  Square 

r 

Prob>P 

Rafraaelon 

5 

16.01271132 

3.80254226 

1.52 

0.2040 

Brror 

42 

105.22725535 

2.50541064 

Total 

47 

124.23696667 

Paraaatar 

Standard 

Type  II 

Variable 

Batlaat* 

Brror 

Sub  of  Squaraa 

r 

Prob>f 

1KTBRCBP 

5.37142537 

1.73807683 

23.68392141 

6.57 

0.0035 

82 

•1.26216134 

0.70821861 

6.56581408 

2.62 

0.1130 

83 

1.75811609 

0.72343158 

14.70718671 

5.61 

0.0164 

85 

0.72395996 

0.64197309 

3.18619017 

1.27 

0.2656 

HSR1 

•0.03294380 

0.01917839 

7.39268550 

2.95 

0.0632 

NS  86 

-0.08440881 

0.03727445 

U. 64769611 

5,13 

0.0268 

Bound*  on  condition  nueber: 


1,463601 


•0.60276 


4tepl4  Variable  BS  Beaoved  R- square  •  0.12734471  C(p)  «  1.24747140 


or 

Sua  of  Squares 

Mean  Square 

r 

Brob>B 

Regression 

4 

13.42432113 

3.43443024 

1.37 

0.1447 

Irror 

43 

101.41344332 

2.32124242 

Total 

47 

124.23444447 

Baraaeter 

Standard 

Type  12 

Variable 

gatiaate 

Irror 

Sia  of  Squares 

r 

Brob>r 

INTBRCIB 

4.47227704 

1.42471434 

20.74422434 

8.28 

0.0043 

The  Ui  Systea  14:47  Thursday 

,  3uly 

12.  1440 

30 

B2 

•0.74444784 

0.44730243 

3.87334434 

1.42 

0.2403 

BS 

1.70402347 

0.72434434 

14.01444400 

3.34 

0.0230 

MR1 

•0.02143112 

0.01444.' 

8.44054173 

2.33 

0.1340 

HIM 

•0.04434144 

0.03377' 

4.73444424 

3.44 

0.0334 

Rounds  on  oondltlon  ntober : 

4.434411, 

44.80441 

SteplS  Variable  B2  Beaoved  B- square 

•  0.04440447  C(p) 

•  0.58244244 

or 

Bus  of  gquares 

Mean  Square 

? 

Brob>B 

Regression 

3 

12.23117437 

4.04372444 

1.40 

0.2014 

grror 

44 

111.44474210 

2.54314882 

Total 

47 

124.23444447 

Baraaeter 

Standard 

Type  il 

Variable 

Istiaate 

Irror 

Sua  of  Squares 

r 

Brob»r 

IKTBBCIP 

3.41474780 

1.44334243 

17.24423487 

4.74 

0.0124 

>S 

1.11644344 

0.32404344 

11.31434107 

4.45 

0.0407 

HIR1  ' 

•0.02330114 

0.01434414 

4.04430412 

1.40 

0.2114 

HIM 

•0.04443431 

0.02447230 

4.23014444 

2.43 

0.1244 

Bounds  on  oondltlon  nuaber: 

3.142334, 

22.10222 

SteplS  Variable  H>R1  Beaoved  R- square 

•  0.04573443  C(p) 

■  0.04234204 

or 

Rub  of  gquares 

Mean  Square 

r 

preb>r 

Regreseion 

2 

4.14444443 

4.04341471 

1.54 

0.2144 

Irror 

43 

114.07304421 

2.37640210 

Total 

47 

124.23444447 

Baraaeter 

Standard 

Type  11 

Variable 

gatiaate 

Irror 

4ua  of  Squares 

r 

Brobtf 

MTRRCIP 

2.10402731 

0.47410143 

34.37104424 

13.33 

0.0007 

>7 

0.44444104 

0.44414472 

7.74744143 

3.02 

0.0441 

KIRI 

•0.01434330 

0.01704114 

3.144033  .2 

0.43 

0.3444 

Bounds  on  condition  nuaber t 

1.110443, 

4.44233 

4t«plT  variable  Mil  Um«H  8-equere  •  0.04444132  C(p)  •  -1.14013172 


or 

Sua  of  gquares 

Naan  Square 

r 

Brob>r 

Regression 

1 

4.02043333 

4.02V43333 

3.34 

0.1327 

Srrer 

44 

114.31413333 

3.44444114 

Total 

47 

11  ).  23444447 

Be.  v  f 

Standard 

Type  ii 

Variabls 

Is  <ate 

Irror 

Sua  ef  Squares 

r 

Brob»r 

1NTIRCBP  1.82416867  0.23138987  138.82003333  49.27  0.0001 

The  SAS  SntN  19:47  Thursday,  July  12,  1990 
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93  0.70833333  0.48277978  9.02083333  2.34  0.1327 

Bound*  on  eondltlon  nunber:  1,  1 


SteplS  VirUblt  B3  iMOvtd  l.iquui  •  0.00000000  C(p)  *  -0.999S713S 


DP 

Sub  of  Square* 

Naan  Square 

P 

Prob>P 

Regression 

0 

0.00000000 

* 

a 

e 

trror 

47 

124.23998687 

2.643403SS 

Total 

47 

124.28896687 

Faraaeter 

Standard 

Type  IX 

Variable 

gatiaate 

grror 

Sua  of  Square* 

P 

Prob>P 

INT8RC8P 

1.92418887 

0.23487191 

126.92003333 

47.90 

0.0001 

k>unda  on  condition  nuaber: 

0. 

0 

All  variables  loft  in  tho  aodel  art  significant  at  tha  0.1000  level, 
lumry  of  Backward  lllalnatlon  Procedure  for  Dependant  Variable  HSI9 


:*P 

variable 

RaBOved 

Nuaber 

In 

Partial 

B«*2 

Nodal 

B»«2 

C(P) 

P 

Preb>P 

1 

HSK4 

17 

0.0000 

0.3855 

17.0014 

0.0014 

0.9704 

2 

MI2 

16 

0.0010 

0.3845 

18.0478 

0.0460 

0.3261 

3 

MRS 

IS 

0.0013 

0.3832 

13.1041 

0.0601 

0.6079 

HSB7 

14 

0.0032 

0.3501 

11.2476 

0.1879 

0.8937 

8 

HSB13 

13 

0.0089 

0.3448 

9.4996 

0.2642 

0.5979 

6 

MRS 

12 

0.0074 

0.3370 

7.9332 

0.3649 

0.9393 

7 

Ml*  12 

11 

0.0019 

0.3269 

6.2198 

0.4931 

0.5093 

6 

MBS 

10 

0.0218 

0.3069 

S.1S91 

1.1691 

0.2694 

8 

B6 

9 

0.0371 

0.2698 

4.9601 

1.9624 

0.1ITC, 

10 

NORTH 

9 

0.0130 

0.2968 

3.4461 

0.6774 

0.4184 

11 

B4 

7 

0.0278 

0.2292 

2.6693 

1.4490 

0.2396 

12 

97 

6 

0.0378 

0.1914 

2.3664 

1.9916 

0.1490 

13 

91 

8 

0.0384 

0.1830 

2.1139 

1.9469 

0,1709 

14 

BS 

4 

0.0286 

0.1274 

1.2680 

1.2717 

0.2689 

15 

B2 

3 

0.0268 

0.0968 

0.9630 

1.4161 

0.2403 

IS 

MB1 

2 

0.0329 

0.0657 

0.0423 

1.6047 

0.2119 

17 

NIBS 

1 

0.0171 

0.0461 

1|Q4 

0.6320 

0.3666 

19 

B3 

0 

0.0468 

0.0000 

*0  *  9990 

2.3426 

0.1337 

The 
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Baokvard  lllcination  Procedure  for  Dependent  Variable  MS  12 
Step  0  All  Variable*  Intorod  1- square  ■  0.19999214  C(p)  ■  19.00000000 


DP 

Sub  of  Squares 

Naan  Square 

r 

Preb>P 

Begreaaien 

16 

288.79911331 

14.21060623 

3.41 

0.0170 

Brror 

29 

171.24336779 

6.90494441 

Total 

47 

427.03280000 

ParaBeter 

Standard 

Type  11 

Variable 

■atiaate 

Brrer 

iua  of  Squares 

f 

Preb>P 

1NTIICSP 

93.64403906 

27.02843647 

32.94490432 

6.66 

0.0291 

91 

•6.06063391 

6.60210448 

2.79949629 

0.47 

0.4966 

32 

•2.09399943 

6.71794017 

0.66196099 

0.10 

0.7699 

33 

3.12999140 

1.67163630 

0.36 

0.1996 

199 


•4 

•0.2S7241S0 

2.50010727 

0.06251438 

0.01 

0.9166 

•S 

2 . 17S67729 

6.07155743 

0.75823627 

0.13 

0.7227 

at 

2.19975414 

4.29054308 

1.55326165 

0.26 

0.6110 

IT 

-1.10728914 

3.05205334 

0.77723794 

0.13 

0.7194 

MONTH 

0.22850975 

0.28924854 

3.68526623 

0.62 

0.4359 

Hsu 

0.0420SS85 

0.04843230 

4.44774314 

0.75 

0.3926 

Kill 

-0.04494915 

0.11511878 

0.90025768 

0.15 

0.6991 

MSI) 

•0.05588977 

0.03396909 

15.98442677 

2.71 

0.1107 

HSR4 

•0.27429S98 

0.16660559 

15.59101810 

2.64 

0.1150 

HSR5 

0.29280827 

0.29662879 

9.04151867 

1.53 

0.2258 

HSR6 

0.048S5389 

0.34952261 

0.10365743 

0.02 

0.8954 

MSR7 

•0.02489816 

0.02465749 

5.92348178 

1.00 

0.3246 

MSR8 

-0.02414501 

0.05713981 

1.05436960 

0.16 

0.6757 

HSR9 

0.22874846 

0.26823040 

4.29453540 

0.73 

0.4008 

HSR  IS 

0.S7S22S1S 

0.24986060 

13.31692889 

2.26 

0.1440 

Bounds  on 

condition  niaber: 

203.8343. 

19926.67 

Stop  1  Variable  R4  Roaovad  R*aiuar« 

•  0.59884575 

C(p) 

17.01058679 

or 

tm  of  Square* 

Mean  Square 

P 

Prob>P 

Regression 

17 

255.72659793 

15.04274105 

2.63 

0.0099 

Irror 

SO 

171.30590217 

5.71019674 

Total 

47 

427.03250000 

Paraaeter 

Standard 

Type  II 

variable 

■at  mate 

Irror 

Sub  of  Squares 

r 

Prob>  P 

IHTBRCIP 

64.00642564 

26.53364320 

33.22801918 

5.82 

0.0222 

B1 

-5.95536577 

8.59706364 

2.74010793 

0.48 

0.4938 

•2 

-1.96341893 

6.52723069 

0.61467696 

0.09 

0.7656 

as 

3.19159752 

5.95472042 

1.64038035 

0.29 

0.5959 

as 

1.90645044 

5.36772300 

0.71498071 

0.13 

0.7259 

as 

2.10496756 

4.11385915 

1.49500639 

0.26 

0.6126 

»7 

•1.29179538 

2.42864085 

1.61551649 

0.28 

0.5987 

MONTH  • 

0.23411513 

0.27934273 

4.01083983 

0.70 

0.4086 

MSR1 

0.04343S71 

0.04570865 

5.15594196 

0.90 

0.3496 

MSR2 

-0.04674458 

0.11189643 

0.99650683 

0.17 

0.6791 

The  6 AS  Syatee  16:47  Thursday 

July 

12,  1990 
99 

MSRS 

-0.0S544493 

0.03313381 

15.99939537 

2.60 

0.1047 

HSR4 

-0.27726259 

0.16358866 

16.40973016 

2.67 

0.1004 

MSRS 

0.30763675 

0.16482914 

15.67096090 

2.79 

0.1059 

HSR0 

0.03699661 

0.92831460 

0.17209437 

0.03 

0.6633 

MIR7 

•0.02S03S02 

0.02403279 

6.19539496 

1.06 

0.3059 

Hiaa 

•0.02326599 

0.05555794 

1.00137414 

0.16 

0.6764 

MIBB 

0.2S5056S9 

0.28678422 

4.78459294 

0.64 

0.3673 

MIR  IS 

0.86791404 

0.29627429 

19.96611464 

2.44 

0.1265 

Bounds  on 

condition  nuaber: 

165.9624, 

11466.44 

Step  2  variable  MSRS  Reaoved  R«  square 

•  0.59944274 

C(B»  • 

15.09979124 

BP 

9ua  of  Squares 

Mean  Square 

P 

Prob>P 

Rsirasalon 

16 

258.45440147 

15.97214634 

2.69 

0.0065 

Brror 

11 

171.47798999 

6.49164194 

Total 

47 

427.09280000 

Parameter 

Standard 

Type  11 

Variablt 

istlaeta 

Irror 

lua  of  Squares 

P 

Prcb»P 

1NTBRCIR 

66.02256794 

23.41090849 

49.79229007 

7.91 

0.0065 

ai 

•7.33994299 

3.14035419 

24.43616417 

5.99 

0.0269 

as 

•1.04176222 

1.69477227 

23.04241046 

9.96 

0.0546 

as 

4.15191940 

2.14970746 

20.24540467 

9.44 

0.0649 

ai 

271229024 

2.99244104 

6.61224267 

1.01 

0.9214 

b« 

2.74372143 

1.01103943 

12.00010187 

2.30 

0.1309 

B7 

•1.14430207 

2.24030402 

1.44431310 

0.20 

0.0130 

MONTH 

0.21103422 

0.23030230 

3.00004440 

0.71 

0.4070 

MSB1 

0.04210137 

0.04441230 

4.00070000 

0.00 

0.3407 

HSR2 

•0.03041S42 

0.10014701 

1.20209040 

0.22 

0.0444 

MRS 

•0.03300332 

0.03100023 

10.32303874 

2.00 

0.0930 

MtR4 

-0.27737141 

0.10007303 

10.42213301 

2.07 

0.0048 

HtRS 

0.30249230 

0.17020000 

10.78000000 

2.03 

0.1010 

HSR7 

-0.02301207 

0.02312200 

0.04001003 

1.20 

0.2711 

HSR8 

-0.02201350 

0.00421903 

0.11 104900 

0.14 

0.0073 

MSI# 

0.22034000 

0.23039013 

4.71800307 

0.85 

0.3020 

MSR1S 

0.30003010 

0.2-131230 

14.02883380 

2.04 

0.1214 

tounda  on  condition  mater; 

21.00730. 

2003.47 

•tap  3  variable  HIM  teaoved  R-aquara 

•  0.09030743  C(p) 

■  13.10413207 

or 

la  of  Square* 

Moan  Square 

P 

Prob>P 

Rcgraaaion 

is 

234.04203140 

10.07017077 

3.13 

0.0031 

Brror 

32 

172.30004031 

0.38710277 

Total 

47 

427.03230000 

Paraaatar 

Standard 

Typo  11 

Var labia 

■atlaato 

Irror 

Sua  of  Squaroe 

P 

Prob>P 

IN7KRCEP 

03.04049405 

23.13402303 

43.30477090 

0.04 

0.0070 

B1 

-7.10429370 

3.00303304 

28.92707830 

0.37 

0.0270 

Th*  SAB  Syotoa  10:47  Thuraday 

.  July 

12.  1000 
34 

02 

-2.00040000 

1.4O0SOS10 

21.10801812 

3.03 

0.0300 

>3 

3.73302303 

1.90003732 

20.00947290 

3.06 

0.0301 

BS 

2.33420030 

2.02112300 

3.03313040 

0.03 

0.3410 

Be 

2.32047711 

1.70003003 

11.70203411 

2.19 

0.1400 

07 

-0.73432403 

1.07313304 

0.74014000 

0.14 

0.7122 

MONTH 

0.21974174 

0.28004101 

3.07104000 

0.74 

0.3070 

HSR1 

0.03009321 

0.04200307 

4.20840170 

0.00 

0.3700 

MSR2 

-0.04040031 

0.10070410 

1.13930337 

0.22 

0.0430 

MSR3 

-0.03104579 

0.02097413 

13.82333925 

2.90 

0.0003 

HIR4 

-0.24320041 

0.13011241 

13.33421018 

2.00 

0.0000 

HtRS 

0.20034337 

0.13774210 

13.73004270 

2.02 

0.0972 

HSR7 

-0.02370040 

0.02201307 

0.03990343 

1.27 

0.2002 

HSR# 

0.22744337 

0.23402300 

8.03300322 

0.04 

0.3400 

MSR13 

0.33433143 

0.22300344 

13.27307700 

2.44 

0.1203 

Bound*  on  eondltlon  nuabar; 

20.03714, 

1740.377 

•tap  4  Variabl a  BT  Raaoved  1*010070 

•  0.30430014  C(p) 

•  11.32031230 

DP 

Sue  of  Squares 

Moan  Square 

P 

Prob>P 

lafraaalen 

14 

233.00030400 

10.13340433 

3.40 

0.0017 

Irror 

33 

173.11300011 

3.24034331 

Total 

47 

427.03330000 

Paraaeter 

Standard 

Type  11 

Variable 

•atlaato 

Irror 

Sub  of  Square* 

P 

Prob>P 

INTSRCIP 

00. 04431110 

31.11304000 

SI.04M220I 

10.00 

0,0020 

•  1 

•7.07311100 

2.02213200 

44. •3176404 

0.30 

0.0002 

12 

•3.07700734 

1.44031000 

23. •0040444 

4.32 

0,0411 

13 

4.00422700 

1.70172711 

27.04290007 

f .  13 

0.0200 

•S 

2.11234443 

2.33303002 

4.I00S3204 

0.12 

0.3710 

If 

2.43434107 

1.01303074 

13.02002421 

3.30 

0.1170 

MONTH 

0.24030000 

0.24043330 

4.90070107 

0.93 

0.3301 

Mill 

0.03001431 

0.04103310 

0.00001730 

0.00 

0.1311 

Mill 

•0.01214074 

0. 10400110 

1.31410300 

0.23 

0.0201 

Mill 

•0.00440314 

0.02700030 

>0.00204000 

3.01 

0.0304 

HSM 

•0.21840210 

0.13171440 

26.36967826 

8.03 

0.031T 

M5B5 

0.26973741 

0.1SS66870 

15.78263332 

3.00 

0.0923 

NIB  7 

•0.030S2S2S 

0.01883631 

14.22804921 

2.71 

0.1091 

HSB9 

0.22170867 

0.23123894 

4.82288139 

0.92 

0.3446 

HIB13 

0.33188426 

0.21443132 

12.84840869 

2.39 

0.1314 

Bounda  on  condition  nuaber: 

18.72896, 

1286.378 

•tap  8  variable  M9B2  Beaoved  B*aquare 

•  0.69148268 

C(p> 

>  0. 84306883 

or 

Sub  of  iquaroa 

Mean  Square 

r 

Prob>r 

13 

292.88232099 

19.42940931 

3.79 

0.0009 

Error 

34 

174.43017901 

8.13086762 

Total 

47 

427.03280000 

faraaeter 

Standard 

Type  II 

The  BAS  Syataa  16:47  Thursday 

,  July 

12,  1990 
38 

Variable 

■atiaata 

Brror 

9ua  of  fquaree 

f 

Prob>f 

1NTIBCIP 

•6.33448328 

20.23219244 

85.18309333 

10.75 

0.0024 

■1 

•7.00334999 

2.22946389 

90.62940009 

9.87 

0.0039 

B2 

•2.90162268 

1.36921691 

22.38382286 

4.36 

0.0443 

•3 

3.46921888 

1.39731136 

32.06S44128 

6.28 

0.0174 

BS 

2.18409404 

2.30263701 

4.61522461 

0.90 

0.3496 

BB 

2.47944397 

1.99768692 

12.39713973 

2.41 

0.1299 

MONTH 

0.22963169 

0.24192862 

4.46302126 

0.87 

0.3876 

mm 

0.03809969 

0.04136998 

4.33389388 

0.69 

0.3634 

HIM 

•0.04944929 

0.02969617 

18.99790789 

3.70 

0.0627 

HIM 

•0. 26880839 

0.11692189 

26. 16880183 

8.10 

0.0308 

HIPS 

0.29106742 

0.14949766 

14.47890486 

2.82 

0.1022 

HIK7 

•0.02996163 

0.01791994 

13.04063928 

2.64 

0.1201 

HIRB 

0.21389276 

0.22813389 

4.80950978 

0.88 

0.3831 

HIB13  • 

0.31243911 

0.20865883 

11.90320192 

2.24 

0.1439 

Bounda  on  condition  nuaber: 

12.40247, 

1020.308 

•tap  •  Variable  HIB1  Beaoved  B-aquar a 

•  0.68128883 

C(P) 

•  8.38040814 

or 

•ua  of  Squaree 

Moan  Square 

t 

Prob>f 

Bagraaalon 

12 

348.22834743 

20.88889728 

4.08 

0.0006 

Error 

39 

179.80413297 

6.10861960 

Total 

47 

427.03280000 

faraaeter 

Standard 

Type  II 

Variable 

•atiaata 

Brror 

Sta  of  Squaree 

r 

frob>f 

INTBBCBP 

20.14318318 

63.14004788 

10.44 

0.0027 

•1 

•8.39871110 

1.88441228 

77.80324481 

18.18 

0.0004 

•1 

-2. 98313883 

1.34288140 

18.91097047 

3.70 

0.0828 

•3 

3.21424642 

1.39881483 

28.70118202 

3.62 

0.0234 

•I 

1. •0488189 

2.38078032 

3.29486301 

0.64 

0.4301 

M 

1.93988087 

1.23348897 

8. 08081328 

1.88 

0.2177 

MONTH 

0.34183082 

0.24076318 

8. 18408899 

1.01 

0.3221 

MIB3 

•0.04882888 

0.02948788 

17.13822371 

3.33 

0.0798 

MIB4 

•0.23986488 

0.11380874 

22.20802104 

4.38 

0.0444 

MIBI 

0.24M4723 

0. 14817828 

18.14344230 

3.24 

0.0806 

MIB7 

•0. 02*49740 

0.01784788 

13.88401087 

2.73 

0.1073 

NIB* 

0.18783929 

0.23212808 

2.01880132 

0.87 

0.4890 

MII13 

0.33007846 

0.20781028 

12.8482)236 

2.33 

0.1204 

Bounda  on  condition  nuaber t 

12.00878, 

721.0222 

•tap  7  Variable  Hilt  Basova*] 


B-aquar*  •  0.97448880  C(p)  •  1.77411441 


or 

tia  of  Iquaraa 

Haan  tquara 

r 

Probif 

Ragraaalon 

li 

248.31176611 

22.30106868 

4.42 

0.0003 

Irror 

36 

181.72073389 

8.04779816 

Total 

6T 

427.03280000 

Paraaatar 

Itandard 

typo  n 

Tho  6A8  Syataa  16:47  Thuraday,  3uly  12,  1990 

36 

Varlabla 

latlaata 

Irror 

6ua  of  Iquaraa 

P 

Prob>P 

I MT IIC IP 

IT. 66621670 

11.68139849 

60.08886676 

11.90 

0.0014 

11 

•8.26768666 

1.37011888 

78.47612896 

14.98 

0.0004 

•2 

•2.41698341 

1.31719487 

17.03632486 

3.36 

0.0744 

13 

3.36620301 

1.32786447 

33.02038729 

1.84 

0.0149 

■8 

1.84618136 

2.22138404 

2.44469321 

0.41 

0.4909 

■e 

1.47839624 

1.21379426 

7.46847734 

1.48 

0.2311 

MONTH 

0.23207284 

0.23897846 

4.76024698 

0.14 

0.3380 

MSK3 

•0.04776168 

0.02326166 

18.04416660 

3.87 

0.0667 

HIM 

•0.28022644 

0.11188120 

28.39939686 

8.03 

0.0311 

HftS 

0.27210371 

0.14711882 

17.21647244 

3.42 

0.0726 

HIK7 

•0.02716200 

0.01747324 

12.19772121 

2.42 

0.1288 

HIR13 

0.30478024 

0.20338011 

11.33373682 

2.28 

0.1427 

•oundi  on  condition  nuabar: 

11.73048, 

636.1684 

•tap  8  Varlabla  18  Inaovad  l-aquara 

•  0.86873201  C(p) 

>  8.11134228 

or 

lua  of  Iquaraa 

Haan  Iquaro 

r 

Pmb>r 

Ragraaalon 

10 

242.86707268 

24.26170729 

4.16 

0.0002 

Irror 

37 

164.16842718 

4.97744398 

Total 

47 

427.03280000 

• 

faraaatar 

Itandard 

Typo  11 

Varlabla 

latlaata 

Irror 

lua  of  Iquaraa 

r 

Prob>f 

1NTIRCK1 

79.82724628 

10.29607467 

296.14236081 

99.64 

0.0001 

■  1 

•8.20823804 

1.38462769 

73.60621338 

14.79 

0.0008 

■2 

-1.16166911 

1.06889366 

19.61933417 

3.  IS 

0.0690 

■3 

9.72306148 

1.23334011 

48.38686138 

9.11 

0.0046 

16 

2.07479160 

0.64131768 

30.08444918 

6.04 

0.0111 

MONTH 

0.27  <40376 

0.22949288 

7.11122016 

1.43 

0.2364 

HIR3 

-0.04  (67660 

0.02802764 

17.23781691 

3.41 

0.0707 

HIM 

•0.21412776 

0.09968197 

40.46336996 

6.13 

0.0071 

HIM 

0.26682771 

0.14604048 

16.96379266 

3.41 

0.0730 

HUT 

•0.02816729 

0.01639796 

9.96236300 

2.00 

0.1697 

Hlftlf 

0.16629641 

0. 10683069 

16.86267916 

2.93 

0.0986 

Bound  i  on  oondltlon  nuabar t 

7.394461, 

818.0696 

1 tap  1  Varlabla  MONTI  laaovad  ■•■auara 

'  0.89206771  C(p) 

•  4.31347132 

or 

6ua  of  Iquaraa 

Naan  iquara 

r 

Prob>r 

Miraaalon 

9 

298.78011369 

26.16483919 

8.30 

0.0001 

Irror 

>1 

191.26164731 

9.02372791 

total 

47 

437.09360000 

Itandard 

Typo  11 

VarMbla 

latlaata 

Irror 

lua  of  Iquaraa 

r 

9r«b>  r 

INTIRCIP 

71.17761931 

10.29974477 

290.94089029 

97.69 

0.0001 

11 

•1.16010682 

1.91710327 

79.33277814 

16.64 

0.0003 

7 ha  HI  lyatoa  16:47  Thuraday,  July 

12,  1990 
37 

•3 

>1 .71111616 

1.07172441 

14.09306229 

3.60 

0.1039 

93 

9 >99690309 

1.23149994 

80.37799234 

10.01 

0.0031 

V 

99 

1.99609319 

0.94924399 

27.97499762 

9.94 

0.0239 

HIU 

•0.08972074 

0.02300294 

32.90243949 

6.82 

0.0144 

MS*4 

•0.32394879 

0.09497127 

89.91727761 

11.70 

0.0018 

MSR5 

0.38443299 

0.12933432 

34.39479464 

7.43 

0.0099 

H8R7 

•0.01890607 

0.01817229 

8.28794044 

1.04 

0.3)32 

H9R13 

0.20379974 

0.10792434 

17.94303844 

3.87 

0.0444 

* 

■ounda  on 

condition  niaberi 

S. 444304. 

273.4497 

steplO  Variable  ns *7  Reooved  R-aquare  ■  0.93979967  c(p)  *  3.1819506! 


or 

4«a  of  iquerea 

Kean  Oquare 

r 

rrob>r 

■ecreaalon 

4 

230.49321228 

26.91168193 

9.72 

0.0001 

Error 

39 

190.83929778 

8.03946692 

Total 

47 

427.03290000 

Paraooter 

Otandard 

Type  IX 

variable 

Eatlaate 

Error  9u>  of  Equarea 

f 

Prob>f 

INTERCEP 

90.74949494 

9.97881464 

330.89311776 

69.60 

0.0001 

91 

•4.77099491 

1.23362614 

78.39047994 

14.99 

0.0004 

92 

•1.47390017 

1.02964306 

10.40141999 

2.06 

0.1964 

93 

3.49199232 

1.19297649 

49.17241664 

6.96 

0.0044 

96 

1.92097900 

0.949S0109 

26.00284019 

8.16 

0.0287 

HSR3 

•0.06834191 

0.02100031 

83.37129704 

10.99 

0.0024 

MSR4 

•0.32S99371 

0.09460418 

84.66636711 

11.44 

0.0014 

H8R9 

0.37764769 

0.12636007 

44.49663196 

8.93 

0.0044 

M8R13 

0.14906911 

0.10234747 

13.74104114 

2.73 

0.1067 

9ounda  on  oondltlon  nuaber: 

9.409413, 

201.7487 

(tapll  .  Variable  92  Removed  E-aquare  • 

0.81839922  C(p) 

•  3.04932702 

or 

4iaa  of  Oquarea 

Mean  Oquare 

r 

Prob>F 

7 

220.09174229 

31.44199491 

6.09 

0.0001 

Error 

40 

206.94070774 

8.17391769 

Total 

47 

427.03280000 

Otandard 

Type  II 

Variable 

■atlaate 

Error  9ua  of  Equarea 

f 

Preb>f 

INTERCEP 

74.67434339 

9.64073404 

324.88414438 

62.73 

0.0001 

91 

-9.28436327 

1.30194142 

99.01944964 

19.14 

0.0001 

93 

2.61744487 

1.07622608 

38.24983404 

4.62 

0.0124 

99 

1.94620999 

0.43448666 

20.16436974 

9.90 

0.0983 

M4R3 

•0.08484071 

0.01992929 

42.99870206 

6.91 

0.0069 

M9R4 

•0.94403296 

0.09082417 

48.41092121 

16.91 

0.0002 

H4BS 

0.94322964 

0.12472614 

34.89890804 

7.49 

0.0094 

H9R13 

0.21717998 

0.09796707 

28.48029141 

4.92 

0.0329 

■ounda  an  oondltien  maberi  1.272979,  141.1172 

The  9A4  Oyataa  19i 47  Thursday,  July  12,  1990 

99 


All  varlablaa  left  in  the  nodal  art  aiRnlf leant  at  tha  0.1000  laval. 

Ouaaary  el  9aokvard  Rllalnetlen  Proeadura  far  Dependant  Variable  Mill 


9tep 

Variable 

Raaovad 

Nuaber 

In 

Partial 

R«*2 

Medal 

•••2 

C(p) 

P 

Prob»f 

1 

94 

17 

0.0001 

0.9900 

17.0109 

0.0109 

0.9169 

2 

MORE 

14 

0.0004 

0.9944 

19.0997 

0.0901 

0.0699 

1 

MORE 

18 

0.0021 

0.9991 

19.1942 

0.1446 

0.6879 

179 


4 

•7 

14  0.001/ 

0.8040 

11.3208 

0.130$ 

0.7122 

5 

US  1 2 

IS  O.OOS1 

0.8018 

0.8431 

0.2808 

0.4201 

C 

HM1 

12  0.0102 

0.8813 

0.2804 

0.0404 

0.3634 

7 

Hill 

11  0.0068 

0.8748 

0.7743 

0.8708 

0.4880 

a 

•8 

10  0.00S7 

0.8807 

8.1883 

0.4043 

0.4000 

• 

MOUTH 

0  0.0107 

0.8821 

4.3038 

1.4207 

0.2304 

19 

HSB7 

0  0.0125 

0.8300 

3.2830 

1.0448 

0.3132 

11 

U 

7  0.0244 

0.S1S4 

3.0483 

2.0040 

0.1806 

174 


Th*  SAS  lyitM 


% 


t*- 


oas  ai  as  as 

10  0  1 
2  0  0  1 

S  0  0  1 

4  0  0  1 

9  0  0  1 

4  0  0  1 

T  0  0  0 

5  0  0  0 

a  o  o  o 

10  0  0  0 

11  0  0  0 

12  0  0  0 

19  0  0  0 

14  0  0  0 

19  0  0  0 

16  0  0  0 

IT  0  0  0 

18  0  0  0 

16  0  0  0 

20  0  0  0 

21  0  0  0 

22  0  0  0 

23  0  0  0 

24  0  0  0 

29  0  0  0 

26  0  0  0 


a4  as 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

1  0 

1  0 

1  0 

1  0 

1  0 

1  0 

0  1 

0  1 

0  1 

0  1 

0  1 

0  1 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 


06  07  NOMTI 

0  0  1 

0  0  2 

0  0  9 

0  0  4 

0  0  9 

0  0  6 

0  0  1 

0  0  2 

0  0  9 

0  0  4 

0  0  9 

0  0  6 

0  0  1 

0  0  2 

0  0  3 

0  0  4 

0  0  9 

0  0  4 

1  0  1 

1  0  2 

10  3 

1  0  4 

1  0  9 

1  0  6 

Oil 
0  1  2 


16:40  Thursday,  July  12,  1000 

1 


Hill 

21.00 

26.96 

26.06 

26.18 

26.44 

24.02 

21.10 

10.90 
20.80 

22.90 

29.10 
10.30 
10.20 
21.70 
10.40 

17.10 

20.90 
10.30 

14.90 
14.00 

19.90 
19.20 
13.00 
17.00 
91.00 
49.60 


KSK2 

04.68 

09.07 

03.60 

09.00 

04.23 

03.00 

00.03 

09.96 

01.61 

60.20 

79.63 

00.76 

77.91 

71.04 

72.19 

71.76 

72.01 

79.32 

70.30 
00.97 
79.00 
80.90 
80.72 
80.99 
67.46 

72.31 


IISt3 

40.10 
99.31 
70.71 
92.92 

99.20 

39.69 
19.40 

17.60 

23.70 

14.60 

23.90 

20.10 

91.70 
01.60 

72.60 
06.00 
76.00 
93.00 
09.00 
72.00 

97.90 

29.20 

29.90 
27.00 
06.00 

119.00 


K1K4 

16.32 

12.26 

16.64 

18.40 

10.71 

16.29 
0.30 
0.90 

11.14 

13.30 

13.10 

10.10 

14.60 

14.60 
7.80 
6.90 
6.00 
6.00 

18.30 

14.20 

19.20 
17.80 

23.60 
21.00 
24.00 
31.00 


oas 

Msas 

HIB6 

NSIT 

H6B8 

naao 

H8B10 

Mail 

H6012 

MIB13 

i 

0.09 

40.3 

92 

07.40 

2.00 

08.9 

09.7 

•6.0 

06.00 

2 

9.90 

49.6 

100 

100.00 

0.70 

98.1 

09.6 

93.0 

08.00 

3 

0.07 

48.0 

07 

09.10 

3.30 

06.6 

04.3 

06.8 

09.00 

4 

10.72 

40.2 

131 

06.00 

2.30 

00.0 

04.4 

94.7 

•9.82 

9 

10.96 

40.4 

00 

06.90 

2.00 

07.1 

04.2 

06.7 

•9.03 

6 

11.39 

41.1 

103 

98.90 

3.70 

06.0 

04.9 

•0.1 

99.02 

7 

6.00 

30.9 

79 

98.90 

3.76 

92.0 

09.0 

09.0 

00.00 

8 

9.90 

20.3 

82 

79.40 

1.76 

03.0 

04.2 

04.6 

•6.00 

0 

6.70 

26.0 

06 

03.10 

1.19 

00.0 

09.4 

•1.0 

•0.90 

10 

6.30 

30.9 

00 

72.60 

1.79 

86.9 

09.0 

•7.2 

•0.33 

11 

7.96 

20.4 

70 

01.10 

1.30 

100.0 

06.0 

•2.3 

09.00 

12 

7.00 

31.2 

64 

76.40 

0.01 

07.7 

09.0 

•7.6 

•9.72 

13 

18.00 

47.1 

10 

06.07 

1.70 

02.0 

04.9 

03.0 

03 . 30 

14 

10.70 

49.0 

20 

77.42 

1.06 

00.0 

09.0 

66.6 

00.40 

19 

17.20 

46.0 

91 

82.01 

1.00 

06.4 

03.4 

09.9 

00.60 

10 

17.60 

47.0 

24 

06.04 

2.46 

01.4 

04.1 

•4.0 

09.90 

17 

10.30 

44.0 

100 

07.22 

1.07 

04.7 

09.4 

94.4 

08.00 

10 

14.60 

49.6 

73 

09.00 

2.30 

94.9 

•4.0 

•0.0 

01.00 

10 

17.60 

42.0 

40 

00.24 

0.00 

09.9 

09.0 

•9.9 

oo.oo 

20 

14.60 

49.0 

97 

06.49 

0.00 

07.7 

•4.0 

•4.7 

100.00 

21 

16.90 

49.0 

74 

97.00 

0.00 

06.6 

•9.0 

•7.2 

100.00 

22 

14.00 

42.4 

49 

100.00 

0.00 

00.1 

•9.9 

•0.0 

•0.00 

21 

17.20 

41.0 

40 

90.90 

0.00 

09.9 

06.4 

09.9 

00.70 

24 

16.20 

41.7 

00 

00.20 

1.00 

09.4 

•9.0 

•0.2 

•0.70 

29 

22.00 

99.9 

01 

79.00 

0.00 

04.1 

•0.1 

97.2 

•9.00 

26 

26.00 

94.9 

67 

71.60 

1.70 

00.3 

•2.0 

07.0 

•7.10 

Th* 

9A9  Oyit*a 

16 >40  Thursday, 

2uly  12 

OOO  01  02  09 

27  0  0  0 

20  0  0  0 

29  0  0  0 

90  0  0  0 

91  -1  >1  -1 


09 

•6 

07 

Mourn 

HOtl 

M0R2 

M6I3 

M904 

0 

0 

1 

3 

90.60 

66.49 

100.00 

26.00 

0 

0 

1 

4 

47.00 

64.91 

133,00 

24.00 

0 

0 

1 

9 

40.60 

64.06 

127.00 

30.00 

0 

0 

1 

• 

49.40 

77.20 

01.00 

39.00 

-1 

m  J 

m  J 

1 

29.00 

79.11 

40.00 

10.00 

179 


04 


32  -1  -1 

-1  -1  -1 

•1  -1  2 

31.00  77.10 

50.00 

21.00 

33  *1  >1 

•1  *1  *1 

•1  -1  3 

23.20  70. 

22 

36.00 

15.00 

34  -1  -1 

-1  -1  -1 

•  1  -1  4 

34.00  78. 

17 

38.00 

18.00 

35  -1  -1 

-1  -1  -1 

•1  >1  5 

25.00  01. 

so 

40.00 

18.00 

38  >1  -1 

-1  -1  -1 

-1  -1  0 

31.00  88. 

76 

44.00 

12.00 

0>f  H8K5 

HSR8  HSR 7 

HSR0  HSR0  N8R10  HSR 11 

IUR12 

HSR13 

27  24.00 

34.2  78 

07.00  0.00 

03.0  03.4 

•2.1 

04. 

60 

28  28.00 

34.3  00 

05.70  0.00 

06.0  07.2 

•2.0 

•4. 

00 

20  28.00 

32.3  135 

01.00  1.20 

04.0  85.1 

66.4 

05. 

so 

30  30.00 

31.0  102 

85.20  5.00 

04.1  83.0 

04.5 

05. 

70 

31  17.00 

20.0  50 

04.40  2.00 

05.0  06.2 

86.0 

•5. 

60 

32  17.00 

20.0  43 

03.00  1.20 

06.4  05.6 

04.5 

07. 

10 

33  13.00 

30.4  83 

01.00  0.00 

03.8  05.5 

06.3 

04. 

60 

34  15.00 

20.8  87 

02.30  1.10 

05.2  03.4 

02.5 

•4. 

00 

35  15.00 

30.0  07 

84.00  0.00 

03.6  06.0 

84.0 

85. 

50 

38  14.00 

27.2  00 

80.00  1.10 

07.6  05.2 

06.6 

05. 

70 

Tha  SAS  Syataa  10:40  Thursday 

.  July 

12,  1880 
3 

Itckwtrd  (llatnation  Procedure  for  Dependent  Variable  (14*10 

Stop  0  All 

Varlablaa  Entarad  R-aquara 

•  0.64258878 

C(p) 

•  18.00000000 

NOTE:  Tho  oodol  io  not  of  full  rank.  A  aubaat  of  tha  nodal  which 

ia  of  full 

rank  la 

choaon. 

or 

■ua  of  Squaraa 

Haan  Square 

r 

Prob>r 

Kagraaalon 

18 

102.58714007 

10.14373000 

1.70 

0.1405 

Error 

17 

101.55501540 

5.07307736 

Total 

35 

284.14305550 

Paraaatar 

Standard 

Type  11 

Variabla 

Batioata 

Error 

Sun  of  Bquaraa 

r 

Frob>f 

INTBICkP 

00.48708723 

54.32324150 

15.41022004 

2.58 

0.1266 

11 

7.31404712 

30.11720127 

0.20085022 

0.03 

0.8530 

■3 

2.04500030 

0.34822500 

0.47856008 

0.08 

0.7600 

04 

0.55204712 

0.45470434 

0.02041104 

0.00 

0.6541 

05 

•8.42808107 

10.70700070 

2.15167022 

0.36 

0.5563 

08 

•8.53020528 

0.14150074 

3.05260421 

0.64 

0.4330 

MONTH 

0.50502532 

0.30608530 

10.22153076 

1.71 

0.2063 

HSE1 

-0.10530070 

0.20150433 

5.05203430 

0.05 

0.3706 

MSR2 

•0.22140415 

0.21504800 

6.20466520 

1.05 

0.3104 

HSB3 

-0.03341370 

0.04200201 

3.66074703 

0.61 

0.4440 

H0R4 

•0.34000430 

0.21776757 

15.33407600 

2.57 

0.1275 

M0BS 

0.00423400 

0.47024333 

12.04700101 

2.12 

0.1030 

MSR0 

0.30535003 

0.30001715 

3.73022300 

0.03 

0.4300 

H0B7 

•0.04007122 

0.02040700 

17.01260054 

2.65 

0.1000 

HSB8 

0.01721001 

0.06005073 

0.30407562 

0.06 

0.0070 

HIES 

-0.11500032 

0.57672137 

4.70075216 

0.60 

0.3820 

HSB11 

•0.20010000 

0.40120240 

2.61206060 

0.40 

0.4045 

MSB12 

•0.30171202 

0.20710400 

4.03202660 

0.70 

0.3000 

HIE13 

0.00304410 

0.31001060 

20.00007734 

4.04 

0.0420 

Sound*  on  condition  mabart 

1260.700, 

30067.02 

Stop  1  Variabla  04  Banovad 

R-aquara 

*  0.04251006 

C(p) 

•  17.00341065 

or 

Sua  of  fquaraa 

Mean  Square 

r 

Prob>r 

Kagraaalon 

17 

102.16072033 

10.73021031 

1.00 

0.0020 

Error 

10 

101.67632732 

3.64312030 

Total 

35 

264.14301650 

Paraastir 

Standard 

Type  It 

variabla 

■at  last a 

■rror 

r 

Prab>r 

INTI0CIP 

01.30377004 

•3.13370432 

10.60330206 

2.06 

0.1020 

11 

0.28622316 

10.23900449 

1.31470701 

0.23 

0.(351 

(3 

2.2S784S52 

8.30684841 

0.70303482 

0.12 

0.7282 

IS 

-6.7*028592 

8.470917T9 

3.82806170 

0.64 

0.4332 

w 

-6.85(21844 

8.88758884 

7.88278711 

1.36 

0.2594 

MONTH 

0.50888882 

0.38(80138 

10.02138818 

1.94 

0.1611 

Mil 

-0.1(18(380 

0.18340870 

7.77342483 

1.38 

0.2186 

Mil 

-0.224763S7 

0.20272278 

8.03(02088 

1.23 

0.2621 

Th#  Ul  lyst 

•a  18:40  Thursday 

,  3ulr  12,  1*00 
4 

MU 

-0.0333(820 

0.04148800 

3.88040108 

0.68 

0.4317 

NSM 

•0.34895132 

0.21188119 

18.33030718 

2.72 

0.1186 

NSIS 

0.(8380380 

0.30201039 

27.24844933 

4.63 

0.0413 

MS>6 

0.302(0300 

0.37237018 

3.726(4218 

0.68 

0.4270 

NSR7 

•0.04702(08 

0.02787878 

17.04420501 

3.02 

0.0993 

NSR8 

0.0189S314 

0.08758511 

0.33828372 

0.06 

0.8047 

MSR« 

-0.30091414 

0.30010830 

3.88027013 

1.00 

0.3209 

MSB  11 

-0.27020881 

0.38388771 

3.29808047 

0.56 

0.4548 

NSB12 

•0.24S2S707 

0.28272062 

4.08787003 

0.68 

0.3609 

MSB  13 

0.68108848 

0.20968620 

29.34190009 

9.20 

0.0350 

Bounds  on  condition  n uobor : 

327.0888, 

13841.43 

(tap  2  Variable  B7  Bntorod 

1  8-equar# 

■  0.84288878  C(p) 

>  19.00000000 

NOTI:  Th#  varlabl#  which  previously  had  aaall 

tolaranc#  1#  now  allowed 

to  enter 

aft#r 

reaoval  of  aoa# 

variable*  free  th#  aod#l. 

or 

8 la  ef  Square# 

Mean  Squar# 

P 

Prob>P 

B#|r#asion 

18 

182.88714007 

10.14373000 

1.70 

0.1409 

Irror 

17 

101.88301548 

8.07367738 

Total 

3S 

284.14308558 

Paraaeter 

Standard 

typ#  II 

Varlabl# 

latiMt# 

Irror 

Sun  of  Square# 

r 

Prob>P 

INTIICIP 

01.040(3433 

84.81407358 

18.47944042 

2.76 

O.liSl 

>1 

10.83004982 

30.33737288 

0.73345078 

0.12 

0.7303 

•3 

2.00323227 

7.18881670 

0.51075032 

0.09 

0.7735 

IS 

•8.07032*08 

1.29830529 

3.39715339 

0.86 

0.4(31 

B( 

-7.0(099240 

7.20748740 

5.88720993 

0.08 

0.3420 

■7 

•0.5S288712 

1.48478434 

0.020411(4 

0.00 

0.9541 

MONTH 

0.50502532 

0.38608838 

10.22183078 

1.71 

0.20(3 

Mill 

-0. 18530978 

0.20199438 

8.08283430 

0.15 

0.3706 

HIB2 

•0.22140418 

0.21804(08 

(.28486829 

1.09 

0.31*4 

M»B3 

-0.033(1370 

0.042(0291 

3.896747*3 

0.81 

0.4440 

HIM 

-0.34899430 

0.21778787 

15.33407(90 

2.87 

0.1279 

HSRS 

0.88423498 

0.47024333 

12.947(9181 

2.12 

0.163* 

Mill 

0.30533983 

0.38(01718 

3.73622809 

0.(3 

0.43*8 

MSI7 

•0.04807122 

0.02848790 

17.012(6084 

2.(8 

0.1008 

HSIS 

0.0172100S 

0.089(5873 

0.31497582 

0.08 

0.1078 

MSB* 

-0.81180832 

0.37372127 

4.70979213 

0.80 

0.8128 

MSR11 

•0.28019980 

0.40128248 

2.91288*80 

0.4* 

0.4*48 

HIR12 

•0.281712(2 

0.20713400 

4.882*2(98 

0.71 

0.8*08 

HSI13 

0.88384410 

0.31001888 

28.(0*07734 

4.84 

0.0420 

Bound#  on  oondition  niab#r  t 

770.3173, 

27(89.17 

Step  1  variable  17  l#aov#4 

1  l-equar# 

•  0.94331909  C(p) 

■  17.00841981 

OP 

•ua  of  lquar#a 

Mean  Square 

P 

Prob>f 

B#gr#a#lon 

IT 

112.38873123 

10.73031*31 

1.90 

0.0928 

Irror 

18 

101.87832713 

8.(4313*30 

Total 

18 

284.14308988 

Th#  Ml  lyatea  1(141  Thursday ,  July  12,  1990 

I 


luiMttr 


Standard 


Type  II 


Variable 

1st lea to 

Irror 

6«  of  Squares 

» 

Prob>f 

INTIICIP 

91.282T7804 

83.12270422 

16.66239209 

2.98 

0.1029 

11 

1. 28622311 

19.23909449 

1.31470701 

0.23 

0.6381 

IS 

2.2ST846S2 

6.39664846 

0.70303462 

0.12 

0.7282 

IS 

-6.78028892 

8.47091779 

3.62*06170 

0.64 

0.4332 

le 

•6. 88628646 

8.88788864 

7.6527*711 

1.36 

0.2894 

NOMTB 

0.80986682 

0.36680139 

10.92158819 

1.94 

0.1611 

Mill 

•0.19119360 

0.16349870 

7.77342483 

1.38 

0.2886 

NSIS 

•0.22476367 

0.20272276 

6.636920*8 

1.23 

0.2621 

lf»S 

-0.03336620 

0.04146500 

3.6S0491I8 

0.68 

0.4317 

hSM 

-0.34898132 

0.21168119 

18.33939716 

2.72 

0.1186 

HSRS 

0.66360380 

0.30201038 

27.24544933 

4.13 

0.0413 

H9R6 

0.30260390 

0.37237088 

3.72664218 

0.6* 

0.4270 

HSR7 

•0.04792609 

0.02757*76 

17.04420801 

3.02 

0.0993 

MS  IS 

0.01698314 

0.06786811 

0.35828372 

0.06 

0.6047 

HS1S 

-0.80091414 

0.50019930 

8.65927013 

1.00 

0.3299 

MSI  11 

-0.27029861 

0.38356771 

3.29808947 

0.58 

0.4845 

HSR12 

-0.26826707 

0.28272962 

4.96757093 

0.88 

0.3605 

MStlS 

0.68108646 

0.29866820 

29.34190909 

8.20 

0.0380 

Bounds  on  condition  nuabar: 

327.9888, 

13641.43 

Step  4  Varlabla  HSIS  laaovad  R-square 

•  0.64126658  C(p) 

*  15.06288973 

or 

lie  of  Squares 

Mean  Square 

P 

Prob>P 

16 

182.21144481 

11.38821528 

2.12 

O.OS95 

Irror 

19 

101.93181104 

8.36482163 

Total 

38 

284.14308886 

Paraaatar 

Standard 

typo  xi 

Variable 

1st  lasts 

Irror 

Sue  of  Squares 

P 

Prob>  P 

IMTIiqRP 

86.41637116 

80.88351441 

16.39082398 

3.06 

0.09*6 

•1 

7.95801230 

16.03132926 

1.04419476 

0.19 

0.6641 

IS 

2.82633243 

6.14791261 

0.90733620 

0.17 

0.*89S 

IS 

•6.34118434 

8.07291721 

3.31005376 

0.62 

0.4419 

■6 

-6.36788133 

8.44414404 

7.38584518 

1.38 

0.2852 

MOMTH 

0.S0S080S8 

0.38666490 

10.74656047 

2.00 

0.1732 

Mill 

•0.17662811 

0.1179*360 

7.64452328 

1.42 

0.2473 

M8R2 

•0.21472663 

0.1937761* 

6.86772140 

1.23 

0.2816 

HSIS 

•0.03887837 

0.03982809 

4.34*91666 

0.61 

0.3793 

HIM 

-0.36207640 

0.19996426 

17.58939824 

3.28 

0.08*0 

MSBS 

C. 86923709 

0.29368419 

27,6939*862 

8. 19 

0.0344 

MSI* 

0.30734802 

0.36260473 

3.88425731 

0.72 

0.4072 

HSR? 

•0.04783039 

0.02488889 

16.9794*044 

3.1* 

0.0912 

HSRS 

-0.80801748 

0.4*744623 

5.78852254 

1.07 

0.3132 

HSR  11 

•0.24279368 

0.32773922 

2.94399*71 

o.ss 

0.4*76 

HSR12 

•0.27020248 

0.27900172 

8.17920433 

0.97 

0.3392 

HSR1S 

0.69061260 

0.21*7*990 

30.70301070 

6.72 

0.0272 

Bounds  on  oondltion  nuabari 

303.0192, 

12026.49 

The  U*  *ystoe  16:49  Thursday 

,  July 

12,  1990 

• 

Stap  1  Varlabla  >3  laaovad  ■•square 

a  0.63607334  C(P) 

•  13.21477370 

or 

Sua  of  Squares 

Naan  Square 

t 

Prob>P 

Raaraaalon 

18 

1*1.30410611 

12.06694085 

3.95 

0.0379 

Irror 

20 

102.11894724 

8.1419473* 

fetal 

38 

2*4.1430598* 

Paraaatar 

Standard 

Type  11 

variable 

1st  lea to 

Irror 

lua  of  Square* 

P 

Prob>P 

mucip 

83.10866890 

47.96196612 

19.49014099 

1.01 

0.0960 

•i 

14.43*09778 

9.66*31391 

14.83069139 

2.93 

0.1063 

•s 

•9,17410121 

5.62329230 

12.23475520 

2.39 

0.1399 

se 

•9.13937220 

3.31939993 

30.91649707 

9.01 

0.0235 

MONTH 

0.  $$596907 

0.32799944 

14.90049429 

2.96 

0.1053 

♦ 

Mill 

-0.19371444 

0.13902755 

9.99274320 

1.94 

0.1799 

HSB2 

•0.21174669 

0.19957552 

9.41499539 

1.25 

0.2773 

HISS 

-0.03619141 

0.03996795 

4.50441944 

0.99 

0.3605 

MSI  4 

•0.3S714S69 

0.19541439 

17.17535917 

3.34 

0.0929 

H»3 

0.66713339 

0.29744913 

27.69749514 

5.39 

0.0310 

HIM 

0.44446652 

0.13950944 

52.19242104 

10.15 

0.0044 

MSI7 

•0.04543159 

0.02549427 

16.07572106 

3.13 

0.0923 

HSB9 

-0.42729301 

0.43998570 

4.95176241 

0.94 

0.3430 

H»ll 

•0.22009919 

0.31429227 

2.49009940 

0.49 

0.4945 

H8I12 

•0.27195015 

0.26920679 

5.23570943 

1.02 

0.3250 

HSI13 

0.97977305 

0.29124947 

29.94997529 

6.92 

0.0255 

Bounds  on 

condition  niabor: 

73.79639, 

4153.905 

Stop  9  Variable  HSB11  Boa 

oved  |- square 

>  0.42930964  C(p) 

•  11.43160322 

or 

Sum  of  Squares 

Mean  Square 

r 

Prob>9 

■agression 

14 

174. 91401991 

12.77242999 

2.55 

0.0258 

Brror 

21 

105.32903565 

5.01566836 

Total 

35 

294.14305556 

Parameter 

Standard 

Type  11 

variable 

1st  lost e 

Irror 

Sia  of  Squares 

r 

Prob>P 

INTBBCBP 

61.60354309 

36.12604369 

14.58557075 

2.91 

0.1029 

SI 

15.28344499 

9.39377517 

16.63298979 

3.32 

0.0829 

95 

•9.09670657 

5.52133161 

13.61474535 

2.71 

0.1143 

96 

•9.26992295 

3.27317076 

32.01569295 

4.39 

0.0196 

MONTH 

0.51767335 

0.31905451 

13.20415620 

2.63 

0.1196 

Mill 

-0.18300665 

0.13646621 

9.02011964 

1.90 

0.1942 

HSB2 

-0.22399298 

0.19642477 

7.24085741 

1.44 

0.2429 

MSI3 

-0.03479549 

0.03613866 

4.17467300 

0.93 

0.3719 

HIM  ' 

•0.37429139 

0.19145977 

19.14973262 

3.92 

0.0640 

MSIS 

0.68459649 

0.29254750 

29.61754342 

5.91 

0.0242 

MSI4 

0.44581014 

0.13777179 

52.51901160 

10.47 

0.0040 

MSB7 

-0.04195349 

0.02469209 

14.24763240 

2.94 

0.1067 

MSIS 

-0.49174249 

0.42471247 

6.72379192 

1.34 

0.2599 

HSI12 

-0.22798872 

0.25855613 

3.49970265 

0.78 

0.3879 

MSB13 

0.64999214 

0.27475374 

28.07099707 

5.80 

0.0277 

The  IAS  lyitw  11:41  Thursday,  July  12,  1190 
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Sounds  on  condition  ntabor:  72.93569,  3792.734 


•top  7  Variable  MSI 12  leaoved  l-aqvare  ■  0.61556540  C(p)  ■  10,29439477 


9P 

Sia  of  Squares 

Mean  Square 

P 

Prob>P 

13 

174.9143172S 

19.45494749 

2.71 

0.0190 

■rror 

22 

109.22673130 

4.96494269 

Total 

35 

284.14305559 

Paraseter 

Standard 

typo  11 

variable 

1st lasts 

lrrnr 

•wa  of  Squares 

P 

Prob*P 

1NT9ICIP 

44.53041195 

90.34312179 

10.99319699 

2.19 

0.1964 

91 

13.70247639 

9.15791042 

14.00704177 

2.92 

0.1072 

95 

•7.7643SS42 

5.29105299 

10.70991670 

2.16 

0.1941 

96 

•7.56933146 

9.15999015 

29.49947092 

9.74 

0.0299 

MONTH 

0.16072079 

0.27729494 

9.35996319 

1.99 

0.1936 

Mill 

•0.14492477 

0.19021449 

9.49429709 

1.91 

0.2990 

Mill 

•0.17676650 

0.17744019 

4.91511760 

0.99 

0.3)06 

MSI) 

•0.02236191 

0.09524599 

1.99990700 

0.40 

0.6922 

MSI4 

•0.30010674 

0.17111394 

19.27224359 

9.06 

0.0934 

Mill 

0.69479303 

0.29139441 

29.71992927 

9.19 

0.0929 

179 


Nste 

0.38174878 

0.11848343 

63.34373837  10.74 

0.0034 

NSR7 

•0.03824808 

0.02386114 

11.09189806  2.23 

0.1492 

HSR9 

•0.89209208 

0.40710843 

10.80211938  2.12 

0.1600 

♦ 

HSR13 

0.97488708 

0.28986230 

24.29296774  4.69 

0.0377 

Sound* 

on  eondltion  nueber: 

67.40747. 

3184.121 

lt«p  8 

variable  HS>3  Raooved 

R-square 

■  0.80694702  C<p)  •  6.61917119 

or 

8ua  of  Square* 

Mean  Square 

6 

6rob>6 

Regreaalon 

12 

172.91441026 

14.4099341* 

2.9* 

0.0116 

8rror 

23 

111.22964330 

4.6360260* 

Total 

39 

284.14308986 

Parameter 

Standard 

Type  11 

Varlablo 

let loot* 

Irror 

■ib  of  Squares 

6 

6rob>F 

INTIRCKP 

41.29978639 

29.81198684 

9.48274860 

1.98 

0.1784 

61 

11.67869822 

7.33417860 

12.01733827 

2.48 

0.1266 

69 

•6.89110971 

4.94160018 

8.66973912 

1.13 

0.1*96 

66 

•6.93461790 

2.9S76S7S7 

26.9614*969 

8.60 

0.0291 

MONTH 

0.42231106 

0.26863346 

12.21*46911 

2.83 

0.1266 

M8R1 

•0.1473*360 

0.12846934 

6.38641430 

1.32 

0.2633 

H8R2 

-0.14098934 

0.16626244 

3.47*0*747 

0.72 

0.4063 

HSR4 

•0.29630034 

0.18466433 

13.3010024* 

2.78 

0.1106 

MSRS 

0.49073*82 

0.20088069 

26.89962837 

8.97 

0.0226 

M9R8 

0.33760366 

0.09219426 

64.64792917 

13.41 

0.0013 

N6I7 

-0.03721739 

0.02307021 

12.86866993 

2.60 

0.1203 

M8R9 

-0.88937309 

0.S98SS206 

9.9262*724 

1.97 

0.1738 

Ml*  13 

0.88914120 

0.2SS522S6 

29.70804711 

6.32 

0.0308 

The  SAS  Syeteo  16:4*  Thursday 

,  July  12,  1*90 
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Round* 'on  eondltion  nueber: 

40.99963, 

2460.224 

Stap  9  variable  H8R2  Seeoved  R-aquare 

*  0.99*31961 

C(P) 

•  7.20104906 

or 

Siai  of  Squares 

Mean  Square 

r 

6rob>r 

li 

169.43634276 

16.40346671 

3.22 

0.0060 

8rror 

24 

114.70471277 

4.77*3*303 

Total 

38 

264.14309916 

Raraaeter 

Standard 

Type  11 

Variable 

Ret loot* 

Irror 

Sun  of  Squares 

r 

9rob>6 

1NT8RC8P 

27.64468064 

24.764*4614 

0.04213294 

1.36 

0.2720 

91 

9.94269177 

6. *7197396 

6.969*767* 

1.17 

0.19*6 

68 

•4.11727390 

4.1*979016 

6.82*17167 

1.1* 

0.2926 

86 

-6.43248264 

2.31091692 

23.82966666 

4.9* 

0.0382 

MONTH 

0.34622471 

0.241*7212 

9.244712*1 

1.94 

0.1766 

M9R1 

•0.09923199 

0.11460131 

8.66939*01 

0.7* 

0.9961 

M6R4 

•0.23640491 

0.19226444 

11.71367249 

2.46 

0.130* 

M6R9 

0.90167*19 

0.1*6*0120 

*0.99121*70 

6.4* 

0.0179 

H9I6 

0.2*2*4036 

0.07821620 

72.49470661 

16.17 

0.0007 

H8R7 

•0.03617694 

0.022*0219 

11.62666132 

2.60 

0.1273 

M6R9 

•0.71*370*0 

0.39149*04 

19.80000104 

4,14 

0.0*30 

mil* 

0.614197*7 

0.2922*246 

26.1**16*14 

6.94 

0.0224 

Round*  on  condition  nueber; 

90.6924, 

1649.119 

IteplO  Variable  M981  Reooved  R-aguare 

•  0.66970290 

C(P) 

•  6.600*9217 

or 

lua  of  Squares 

Mean  Square 

r 

9reb»f 

10 

169.69499370 

19.6**49*17 

3.61 

0.0069 

1*0 


■rror 

25 

116.28810165 

4.73152407 

Total 

35 

284.14305556 

Paraaotor 

Standard 

typo  ii 

Variable 

■otlaato 

irror 

Sta  of  Squaroa 

P 

Prob>P 

IHTIRCIP 

27.62926795 

24.63915065 

1.26 

0.2728 

•  1 

5.36866356 

5.01174099 

8.4-145534 

1.15 

0.2943 

as 

-3.09144791 

3.84406625 

3.06012154 

0.65 

0.4289 

ae 

-4.44939514 

1.73899441 

30.97466610 

6.55 

0.0169 

MONTH 

0.3S8198B7 

0.24704349 

9.94537491 

2.10 

0.1595 

M8I4 

•0. 2SS19S06 

0.15028703 

13.64277040 

2.88 

0.1019 

Haas 

0.38449609 

0.14063083 

35.36908633 

7.48 

0.0113 

Mate 

0.30103873 

0.07425803 

77.76048045 

16.43 

0.0004 

HSR7 

-0.03974355 

0.02241570 

14.87406642 

3.14 

0.0884 

MSP? 

-0.64511594 

0.34024977 

17.00908369 

3.59 

0.0696 

HSR13 

0.60352370 

0.25069207 

27.44986181 

5.80 

0.0237 

Rounds  on  condition  nuabor: 

37.47714. 

1037.035 

Ths  SA8  Systoa  16:49  Thursday 

July 

12,  1990 
9 

3tepll  Variablo  BS  Roaoved 

R-oquaro 

*  0.57293264  C(p) 

>  4.31314265 

PP 

8 mi  of  Squares 

Moan  Square 

P 

Prob>P 

Regression 

9 

162.79483216 

18.08831468 

3.88 

0.0032 

Irror 

26 

121.34822339 

4.66723936 

Total 

35 

264.14305556 

Paraaotor 

Standard 

typo  II 

Variablo 

Bat lasts 

Brror 

la  of  Squaroa 

P 

Prob>P 

IHTIRCIP 

13.43994724 

17.08111410 

2.88950077 

0.62 

0.4385 

81 

1 . 74833160 

2.18770123 

2.98079196 

0.64 

0.4314 

BS 

-4.31364865 

1.71898517 

29.39039015 

6.30 

0.0187 

MONTH  • 

0.29532969 

0.23276323 

7.51355650 

1.61 

0.2158 

MSR4 

-0.17731344 

0.11414144 

11.26306751 

2.41 

0.1324 

HSR5 

0.35076958 

0.13331718 

32.30960731 

6.92 

0.0141 

M8R8 

0.27147445 

0.06406009 

83.76679823 

17.95 

0.0003 

H8R7 

-0.03567530 

0.02166957 

12.62796492 

2.71 

0.1120 

MIR9 

-0.64739549 

0.33791874 

17.13069031 

3.67 

0.0664 

H8R13 

0.74825548 

0.17371399 

84.59449319 

18.55 

0.0002 

Bounds  on  condition  nuabor: 

7.997408, 

311.4218 

9tepl2  Variablo  81  Roaovod  R-oquare 

•  0.58244218  C(p) 

•  2.91211371 

DP 

Sua  of  Squares 

Moan  Square 

P 

Prob>P 

Regression 

6 

159.91404020 

19.97675502 

4.34 

0.0016 

Error 

27 

124.32901539 

4.60477835 

Total 

35 

284.14305558 

Paraaotor 

Standard 

Typo  II 

variablo 

Botlaato 

Irror 

Sua  of  Squares 

P 

Prob»P 

INTSRCSP 

19.99216066 

14.69416944 

«. 30766520 

1.80 

0.1904 

as 

-3.16294267 

0.93245888 

52.97909420 

11.51 

0.0022 

MONTH 

0.26514642 

0.22913654 

6.22000277 

1.35 

0.2553 

M8R4 

-0.15668088 

0.11043677 

9.29059278 

2.01 

0.1674 

HSR} 

0.30963369 

0.12215372 

29.99637590 

6.43 

0.0174 

MSRS 

0.26905654 

0.06350792 

12.07623569 

17.62 

0.0002 

MIR7 

-0.02579761 

0.01770235 

9.7792S909 

2.12 

0.1566 

MSR9 

-0.53549319 

0.30547750 

14.15005637 

3.07 

0.0910 

MIR13 

0.47313998 

0.14510797 

99.00163407 

21.52 

0.0001 

Bounds  on  condition  nuabor: 

4.441112, 

163.1957 

111 


SteplS  Variable  B2  Bntered  R-square  *  0.57293264  C(p)  •  4.31314265 

HOT! :  Tha  variable  which  previously  had  small  tolerance  la  now  allowed  to  enter  V 

after  reaoval  of  eoae  variables  froa  the  aodel. 


DP 

Sua  of  squares 

naan  square 

P 

Prob>P 

Regression 

9 

162.79483216 

18.08831468 

3.86 

0.0032 

Brror 

26 

121.34822339 

4.66723936 

The  SAS  Syst 

aa  16:49  Thursday 

,  July  12,  1990 
10 

Totsl 

35 

284.14305556 

Parameter 

Standard 

Type  11 

Variable 

Bstiaate 

irror 

Sua  of  Squares 

P 

Prob>  P 

IHTBBCIP 

13.43994724 

17.08111410 

2.68950077 

0.62 

0.4385 

B2 

1.74833160 

2.18770123 

2.98079196 

0.64 

0.4314 

B6 

-4.31364865 

1.71898517 

29.39039015 

6.30 

0.0187 

MONTH 

0.29532969 

0.23276323 

7.51355650 

1.61 

0.2158 

MSR4 

•0.17731344 

0.11414144 

11.26306751 

2.41 

0.1324 

MSR5 

0.35076958 

0.13331718 

32.30960731 

6.92 

0.0141 

MSR6 

0.27147445 

0.06408008 

83.76679823 

17.95 

0.0003 

HSR7 

-0.03567530 

0.02168857 

12.62796492 

2.71 

0.1120 

MSR9 

•0.64739549 

0.33791874 

17.13069031 

3.67 

0.0664 

KSR13 

0.7482S548 

0.17371399 

66.59449319 

18.55 

0.0002 

Rounds  on 

condition  nursber: 

7.597408, 

311.4218 

Stepl4  Variable  B2  Reaoved  R- square 

>  0.56244218  C(p) 

«  2.81211371 

DP 

Sim  of  Squares 

Mean  Square 

P 

Prob>P 

Rearerslon 

8 

159.81404020 

19.97675502 

1.34 

0.0018 

Brror 

27 

124.32901536 

4.60477835 

Total 

35 

284.14305558 

Paraaeter 

Standard 

Type  II 

Variable 

Bstiaate 

Irror 

Sun  of  Squares 

P 

Prob>  f 

INTERCB9 

19.99216066 

14.68416944 

8.30766520 

1.80 

0.1904 

BS 

•3.16284267 

0.93245888 

52.97909420 

11.51 

0.0022 

MONTH 

0.26S14642 

0.22813654 

6.22000277 

1.35 

0.2553 

MSR4 

•0.15666068 

0.11043677 

9.26858278 

2.01 

0.1674 

MSR5 

0.30963369 

0.12215372 

29.58637590 

6.43 

0.0174 

MSR6 

0.26805654 

0  06350792 

62.03623569 

17.82 

0.0002 

MSR7 

•0.02579761 

0.01770235 

9.77925908 

2.12 

0.1566 

MSR9 

■0.53549318 

0.30547750 

14.15005637 

3.07 

0.0910 

M8B13 

0.67313998 

0.14510797 

99.09163407 

21.52 

0.0001 

So unde  on 

jondlt.un  nuaber: 

4.641112, 

163.1957 

SteplS  Variable  MONTH  Beaoved  1- square  •  0.54055179  C(p)  *  1.85331399 


DP 

Sua  of  Squares 

Mean  Square 

P 

Prob>P 

4 

Resresslon 

7 

153.59403743 

21.94200535 

4.71 

0.0014 

Brror 

28 

130.54901813 

4.86246493 

Total 

35 

284.14305556 

) 

Paraaet'/r 

Standard 

Type  II 

Variable 

Bstiaate 

Brror  Sua  of  Squares 

P 

Prob>P 

INTBICIP 

20.05864711 

14.97699973 

6.36313698 

1.79 

0.1912 

B6 

•  3. 1064fi366 

0.93701177 

51.24643215 

10.99 

0.0025 

MSR4 

-0.18083166 

0.10914146 

12.79925873 

2.75 

0.1087 

The  SAS  Systea 

16:49  Thursday 

,  July 

12,  1990 
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HSBS 

0.32932169 

0.12172682 

34.12474482 

7.32 

0.0115 

HSK6 

0.26055680 

0.063S737S 

76.31857335 

16.80 

0.0003 

H6B7 

-0.01992729 

0.01707242 

6.35216722 

1.36 

0.2530 

HSB9 

•0.S2230903 

0.30717297 

13.46045624 

2.69 

0.1001 

HSB13 

0.66139111 

0.14583920 

101.77941612 

21.63 

0.0001 

Bounds 

on  condition  mabtr: 

4.SS19S7 , 

131.7593 

6tspl6  Variable  HSB7  Beaoved  B-squara 

*  0.81819627  C(p) 

•  0.91663799 

DP 

Sub  of  Squaraa 

Moan  8 qua r a 

P 

Prob>P 

lag rasa Ion 

6 

147.24187020 

24.54031170 

6.20 

0.0010 

Irror 

29 

136.90118535 

4.72073053 

Total 

35 

264.14305556 

Paraaatar 

Standard 

Typa  II 

Var labia 

1st last a 

Irror 

Siaa  of  Squaraa 

f 

Prob>P 

INTBBCIP 

27.10227711 

13.79286255 

18.22686415 

3.66 

0.0591 

66 

-2.78535210 

0.90128989 

45.08566582 

9.55 

0.0044 

HSR4 

-0.16654067 

0.10912811 

10.99452813 

2.33 

0.1378 

HSB5 

0.29114221 

0.11798214 

28.74663643 

0.09 

0.0197 

HSRb 

0.25196455 

0.06353946 

74.23369133 

15.73 

0.0004 

MSR9 

-0.59496438 

0.30267363 

18.24071957 

3.86 

0.0590 

MSR13 

0.60104293 

0.12937193 

101.89199560 

21.58 

0.0001 

Bounds  on  condition  nvabar: 

4.223191, 

94.62532 

StaplT  variabla  nSR4  Rsaovad  B-aquaro 

•  0.47950263  C(p) 

•  0.75707217 

DP 

Sua  of  Squaraa 

Maan  Squara 

P 

Prob>P 

Regression 

5 

136.24734207 

27.24946841 

5.53 

0.0010 

Irror 

30 

147.69571349 

4.92985712 

Total 

35 

284.14305556 

Paraaatar 

Standard 

Typa  II 

variabla 

Batlaata 

Irror 

Sua  of  Squaraa 

P 

Prob>  P 

INTBBCIP 

39.66342622 

11.31027745 

60.62730541 

12.30 

0.0015 

66 

-2.38509588 

0.88117788 

36.11759663 

7.33 

0.0111 

HSR5 

0.14211422 

0.06766046 

21.74901191 

4.41 

0.0442 

HSB6 

0.24234650 

0.06461140 

69.35688215 

14.07 

0.0008 

MSR9 

•0 .51490772 

0.30462419 

14.06524344 

2.86 

0.1013 

HSR13 

0.48801154 

0.09768928 

113.14976015 

22.95 

0.0001 

Bounds  on  condition  nisbar: 

1.890053, 

38.74717 

Tha  8 AS  lyitM  16:49  Thursday,  July  13,  1990 
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SteplS  Variable  H9K9  Inov«4  B- square  •  0.42993167  C(p)  >  1.11467809 


DP 

6m  of  Squaraa 

Naan  Squara 

P 

Prob>P 

Bagraaslon 

4 

122.16209863 

30.54052466 

5.04 

0.0013 

Irror 

31 

161.98095693 

5.22519216 

Total 

35 

284.14305556 

Paraaatar 

Standard 

Typa  II 

Variable 

latlaata 

Irror 

la  of  Squares 

P 

Frob>P 

INTBBCIP 

40.66366603 

11.62818686 

63.89859697 

12.23 

0.0014 

66 

-2.11681393 

0.69257326 

29.44422577 

5.64 

0.0240 

HSBS 

0.14250730 

0.06965725 

21.66974994 

4.19 

0.0493 

H8I6 

0.22412669 

0.06558641 

61.01853184 

11.68 

0.0018 

HSI13 

0.45650602 

0.10032844 

108.18004799 

20.70 

0.0001 

Sound*  on  condition  nun  bar: 


1.829645 


28.34921 


# 


All  v*rl*bl«»  loft  In  tho  nod  el  are  significant  at  tha  0.1000  loval. 

Suanary  of  Backward  Bllainatlon  Proooduro  for  Dependent  Variable  HSR10 


Variable 

Niaaber 

Partial 

Model 

Step 

Sntered  1  anoved 

In 

2 

B»«2 

C(p) 

P 

Prob>f 

1 

»4 

17 

0.0001 

0.6425 

17.0034 

0.0034 

0.9541 

2 

B7 

18 

0.0001 

0.6426 

19.0000 

0.0034 

0.9541 

3 

B7 

17 

0.0001 

0.6423 

17.0034 

0.0034 

0.9541 

4 

HSR8 

16 

0.0013 

0.6413 

15.0629 

0.0630 

0.8047 

5 

B3 

15 

0.0032 

0.6381 

13.2148 

0.1691 

0.6655 

6 

HSR11 

14 

0.0088 

0.6293 

11.6316 

0.4643 

0.4945 

7 

HSR12 

13 

0.0137 

0.6156 

10.2844 

0.7775 

0.3879 

6 

HSR3 

12 

0.0070 

0.6085 

8.6192 

0.4026 

0.5322 

9 

MSR2 

11 

0.0122 

0.5963 

7.2010 

0.7188 

0.4053 

10 

MSR1 

10 

0.0126 

0.5837 

5.8009 

0.7498 

0.3951 

11 

95 

9 

0.0108 

0.5729 

4.3131 

0.6468 

0.4289 

12 

B1 

8 

0.0105 

0.5624 

2.8121 

0.6387 

0.4314 

13 

B2 

9 

0.0105 

0.5729 

4.3131 

0.6387 

0.4314 

14 

92 

8 

0.0105 

0.5624 

2.8121 

0.6387 

0.4314 

15 

MONTH 

7 

0.0219 

0.5406 

1.8533 

1.3508 

0.2553 

16 

MSR7 

6 

0.0224 

0.5182 

0.9166 

1.3624 

0.2530 

17 

MSR4 

5 

0.0367 

0.4795 

0.7571 

2.3290 

0.1378 

18 

HSR9 

4 

0.0496 

0.4299 

1.1149 

2.8571 

0.1013 

The  SAS 

Syatea 

16:49  Thuraday,  July 

12,  1990 

t 3 


backward  Bllainatlon  Procedure  for  Dependent  Variable  H8I11 

Step  0  All  Variable*  Entered  R-squar*  >  0.66S02524  C(p)  *  19.00000000 
NOTI :  The  nodal  la  not  of  full  rank.  A  eubaet  of  the  aodel  which  la  of  full 
rank  la  choaen. 


DP 

Sun  of  Square* 

Mean  Square 

P 

Prob>P 

R*Br**aion 

18 

71.59809488 

3.97767194 

1.88 

0.1008 

Error 

17 

36.06412734 

2.12141926 

Total 

35 

107.66222222 

Parameter 

Standard 

type  II 

variable 

Batina** 

Error 

Sia  of  Squares 

P 

Prob>P 

INTBRCBP 

76.44083349 

30.88464715 

12.9954716$ 

6.13 

0.0241 

91 

.38.61004497 

21.37314768 

6.92293331 

3.26 

0.0886 

93 

8.57585964 

5.18202497 

5.81008965 

2.74 

0.1163 

94 

9.72305259 

5.11762297 

7.65764452 

3.61 

0.0745 

95 

7.91783995 

6.15567549 

3.50984963 

1.65 

0.2156 

96 

5.59771638 

4.75277654 

2.94275087 

1.39 

0.2551 

MONTH 

0.05508502 

0.24100532 

0.11082563 

0.05 

0.8219 

HSR1 

0.03378199 

0.12281251 

0.16051356 

0.08 

0.7866 

MSR2 

0.04347560 

0.13218910 

0.22947024 

0.11 

0.7463 

H9R3 

.0.03539286 

0.02598527 

0.09137140 

0.04 

0.8381 

MSR4 

0.05314886 

0.13862605 

0.31183492 

0.15 

0.7062 

HSRS 

0.35311460 

0.28455491 

3.26682736 

1.54 

0.231$ 

MSR6 

•0.06236385 

0.23373751 

0.15199054 

0.07 

0.7922 

M8R7 

-0.02090987 

0.01762533 

2.96473494 

1.41 

0.2519 

MSR8 

0.05353659 

0.03930263 

3.89942269 

1.84 

0.1929 

MSR9 

0.16839103 

0.34871022 

0.49469223 

0.23 

0.6353 

MSR10 

*0.09950338 

0.14230182 

1.03433545 

0.49 

0.494$ 

HSR12 

•0.08796180 

0.17963017 

0.5075626$ 

0.24 

0.6310 

HSR13 

0.19172100 

0.20478102 

1.65845836 

0.85 

0.3623 

Bound*  on  cor.Utlon  nunber; 

1076.66$, 

34810.65 

Step  1  Variable  MSR3  Reauved  R-squar*  ■  0.60417655  C(p)  ■  17.04307088 


184 


OF 

Sua  of  Squarea 

Mean  Square 

r 

Frob>P 

Beireeelon 

17 

71.50672348 

4.20627785 

2.09 

0.0647 

Error 

18 

36.15549874 

2.00863682 

Total 

35 

107.66222222 

Paraaeter 

Standard 

Type  II 

Variable 

Batiaate 

Brror 

Sta  o t  Squarea 

P 

Prob>P 

INTBRCBP 

T4. 90838933 

29.18092825 

13.23623971 

6.59 

0.0194 

•1 

•38.70094404 

20.79289445 

6.95649103 

3.46 

0.0791 

B3 

8.50343653 

5.03095212 

5.73839491 

2.66 

0.1082 

B4 

9.63104828 

4.96101260 

7.57021669 

3.77 

0.0680 

•5 

6.14883157 

5.89108804 

3.84327542 

1.91 

0.1835 

B6 

5.71061149 

4.59432422 

3.10330028 

1.54 

0.2296 

MONTH 

0.05348428 

0.23439146 

0.10458527 

0.05 

0.8221 

MSB1 

0.03439774 

0.11946853 

0.16651548 

0.08 

0.7767 

The  SAS  Syatea  16:49  Thuraday,  July 

12,  1990 
14 

HSB2 

0.05228387 

0.12131713 

0.37001607 

0.16 

0.6729 

HSB4 

0.08866354 

0.11359604 

0.73388487 

0.37 

0.5531 

MSRS 

0.32086687 

0.23196085 

3.84345883 

1.91 

0.1835 

MSB6 

•0.07888339 

0.21418224 

0.27246209 

0.14 

0.7169 

HSR7 

•0.02067917 

0.01711923 

2.93089054 

1.46 

0.2427 

MSRS 

0.05533147 

0.03752663 

4.36683827 

2.17 

0.1576 

MSRS 

•0.16310229 

0.33840716 

0.46659802 

0.23 

0.6356 

MSR10 

•0.09414756 

0.13636942 

0.95738364 

0.48 

0.4986 

MfU2 

•0.07419925 

0.16265260 

0.41800248 

0.21 

0.6537 

HS813 

0.18529994 

0.19697590 

1.77756800 

0.88 

0.3593 

Bound*  on  oondltlon  maber: 

1076.213, 

32019.69 

Step  2  •  Variable  MONTH  Beaoved  R-equare 

>  0.66320513  C(p) 

•  15.09237056 

DP 

sia  of  square* 

Naan  Square 

r 

Prob>F 

Regreaeion 

16 

71.40213821 

4.46263364 

2.34 

0.0397 

Error 

19 

36.26008401 

1.90842547 

Total 

35 

107.66222222 

Paraaeter 

Standard 

Type  XI 

Variable 

Batiaate 

Brror 

Sua  of  Squarea 

F 

Prob>F 

INTIRCIP 

71.75287294 

25.04689050 

15.66196179 

8.21 

0.0099 

91 

-40.80645882 

18.16258143 

9.63336183 

5.05 

0.0367 

93 

8.97028898 

4.48006405 

7.65099101 

4.01 

0.0597 

94 

9.91430655 

6.88184205 

8.55788361 

4.48 

0.0476 

95 

8.90740899 

4.74057821 

6.73775727 

3.53 

0.0757 

96 

6.19894480 

3.96273109 

4.67005009 

2.45 

0.1342 

HSB1 

0.04558588 

0.10619093 

0.35169069 

0.18 

0.6725 

MSR2 

0.06318118 

0.10923431 

0.63645827 

0.33 

0.5698 

MSR4 

0.07602889 

0.10616197 

0.97R60134 

0.51 

0.4826 

MSB5 

0.32578048 

0.22513200 

3.99574275 

2.09 

0.1642 

HSR6 

-0.10152004 

0.18502689 

0.57452526 

0.30 

0.5898 

MSB7 

•0.01904986 

0.01518595 

3.01106380 

1.58 

0.2243 

M8R8 

0.05493573 

0.03653945 

4.31381043 

2.26 

0.1492 

MSB9 

•0. 18849SS6 

0.31151170 

0.69876110 

0.37 

0.5523 

MSR10 

-0.08490406 

0.12692399 

0.65397412 

0.45 

0.5116 

HSR  12 

•0.05374111 

0.13228267 

0.31497970 

0.17 

0.6891 

MSB  13 

0.18185229 

0.19143369 

1.72216993 

0.90 

0.3541 

Bound*  on  condition  niaber: 

664.271, 

24318.99 

Step  3  Variable  MSI12  Beaoved  B-aquar*  «  0.66027950  C(p)  •  13.24064649 
DV  Sua  of  Squarea  Mean  Square  F  Prob>F 
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tairaaalon 

IS 

71.09715851 

4.73914390 

2.59 

0.0242 

Irror 

20 

36.57506371 

1.82673319 

Total 

ss 

107.66222222 

Paraaeter 

Standard 

Type  11 

variable 

■atiaate 

Irror 

Sta  of  Squarea 

F 

Prob>F 

The  Sal  Syat 

aa  16:49  Thursday 

,  July  12,  1990 
IS 

IHTIRCIF 

67.86135908 

22.65462451 

16.40916437 

6.97 

0.0071 

•  1 

-41.39432851 

17.72286178 

9.97638672 

5.46 

0.0300 

B3 

9.97927097 

4.36549738 

7.66654233 

4.19 

0.0540 

64 

10.36545614 

4.45228410 

9.91211183 

5.42 

0.0305 

65 

8.81623776 

4.63336656 

6.61536050 

3.62 

0.0717 

66 

6.24783644 

3.87734248 

4.74838965 

2.60 

0.1228 

HSR1 

0.05382117 

0.10203915 

0.50877740 

0.28 

0.6037 

HSR2 

0.06429391 

0.10889623 

0.66156086 

0.36 

0.3543 

MSR4 

0.06485514 

0.10182249 

1.28407936 

0.69 

0.4156 

HSRS 

0.33449189 

0.21937601 

4.23155728 

2.32 

0.1430 

HSR6 

•0.08733674 

0.17787006 

0.44090326 

0.24 

0.6288 

HSRT 

•0.01822096 

0.01471103 

2.60550493 

1.53 

0.2298 

HSR8 

0.05597072 

0.03368155 

4.49976160 

2.46 

0.1324 

HSR9 

•0.21546068 

0.29793752 

0.95640256 

0.52 

0.4779 

HSR10 

•0.08654612 

0.12416319 

0.88826954 

0.49 

0.4939 

HSR13 

0.15731732 

0.17782566 

1.43126250 

0.78 

0.3868 

Bound*  on  condition  nuaber: 

858.7814. 

22473.81 

Step  4  Variable  HSR6  Reaoved  R-squar*  *  0.65618426  C(p)  •  11.44868056 


or 

Sua  of  Squarea 

Mean  Square 

r 

Frob>F 

Ragraaaion 

14 

70.64625525 

5.04616109 

2.86 

0.0145 

Irror 

21 

37.01596697 

1.76266509 

Total  • 

35 

107.66222222 

Paraaeter 

Standard 

Type  II 

Variable 

latiaate 

Irror 

Sua  of  Squarea 

r 

Prob>  F 

IKTttCIP 

83.83809840 

20.73578928 

16.70661814 

9.48 

0.0057 

61 

-39.73372217 

17.07985962 

9.53937039 

5.41 

0.0301 

63 

7.89102181 

3.71523281 

7.95177758 

4.51 

0.0457 

64 

10.95966460 

4.20652980 

11.96510205 

6.79 

0.0165 

65 

7.83759108 

4.10867304 

6.41404258 

3.64 

0.0702 

B6 

5.54000775 

3.53376129 

4.33227614 

2.46 

0.1319 

MSR1 

0.04966500 

0.09983315 

0.43623571 

0.25 

0.6240 

MSR2 

0.06900519 

0.10452332 

0.76825780 

0.44 

0.5163 

MSR4 

0.083789S9 

0.09993997 

1.29885456 

0.74 

0.4004 

HSRS 

0.35390933 

0.21107535 

5.01156667 

2.84 

0.1066 

HSRT 

•0.01646173 

0.01400788 

2.43430903 

1.36 

0.2531 

HSRS 

0.05666665 

0.03500324 

4.61964435 

2.62 

01204 

HSR9 

-0.18128913 

0.28441276 

0.71616844 

0.41 

0.5307 

H8R10 

•0.08729595 

0.12190949 

0.90382204 

0.51 

0.4818 

MSR13 

0.15911889 

0.17454577 

1.46485504 

0.83 

0.3723 

Sound*  on  condition  ntaber: 

827.5015, 

16858.77 

Step  5  Variable  HSI1  Reaoved  I- square  •  0 

.65213236  C(p)  » 

9.65431446 

OF  Sua  of  Squares 

Mean  Square 

r 

Freb>F 

R*fr*a*lon 

Irror 

Total 

13  70.21001954 

22  37.45220268 

35  107.66222222 

5.40077073 

1.70237285 

3.17 

0.0083 

The  9AS  Syatea 

Paraaeter  Standard 

16:49  Thursday, 

Type  II 

July 

12,  1990 
16 

186 


♦ 


I 


Variable 

»» 

lltiMt* 

Brror 

Sia  of  Square* 

r 

Prob>P 

XHTBRCBF 

88.35569046 

18.12221783 

24.36234055 

14.31 

0.0010 

B1 

•33.70398453 

11.62625216 

13.82683907 

6.12 

0.0093 

>3 

6.92379293 

3.11369108 

8.42253158 

4.95 

0.0367 

M 

9.61927144 

3. 46620211 

13.66172225 

8.03 

0.0097 

•5 

6.30923366 

2.68108390 

9.42729498 

5.54 

0.0280 

B6 

4.06467062 

1.88645427 

7.83664797 

4.63 

0.0426 

HSRZ 

0.04345878 

0.08946884 

0.40186882 

0.24 

0.6320 

HSB4 

0.09250343 

0.09731625 

1.53815341 

0.90 

0.3522 

NSRS 

0.34727534 

0.20673161 

4.80384275 

2.62 

0.1071 

HSR7 

-0.01492940 

0.01342930 

2.10393805 

1.24 

0.2783 

MSR8 

0.06297807 

0.03206039 

8.56894626 

3.86 

0.0822 

I1SF9 

-0.15517269 

0.27470352 

0.54319633 

0.32 

0.5779 

HSR10 

-0.09546297 

0.11871511 

1.10081052 

0.63 

0.4299 

WSR13 

0.15516977 

0.17135712 

1.39593310 

0.82 

0.3750 

Bound*  on 

condition  nuaber: 

410.7803, 

9286.737 

Step  6  Variable  MSR2  Reaoved  R-aquare 

*  0.64840154  C(p) 

<  7.84365415 

or 

Sua  of  Square* 

Mean  Square 

p 

Prob>P 

Regression 

12 

69.80835072 

5.81736256 

3.53 

0.0045 

Brror 

23 

37.85367150 

1.64582050 

Total 

35 

107.66222222 

Paraaatar 

Standard 

Type  II 

variable 

latlaate 

trror 

Sua  of  Square* 

P 

Prob>P 

I NTERCEP 

72.33857021 

16.08942497 

33.26911611 

20.21 

0.0002 

Bl 

-34.75107744 

11.43335718 

15.20447658 

9.24 

0. 0058 

83 

7.30669566 

2 . 96285629 

10.00929134 

6.08 

0.0213 

B4 

10.00204419 

3.38800202 

14.34407952 

8.72 

0.0071 

B5 

6.18690577 

2.62452010 

9.14596772 

5.56 

0.0273 

B6 

4.37899967 

1.74440518 

10.37140418 

6.30 

0.0195 

HSM 

0.08384985 

0.09406918 

1.30765231 

0.79 

0.3820 

MSR5 

0.33888927 

0.20255878 

4.60676400 

2.80 

0.1079 

MSR7 

-0.01551888 

0.01315033 

2.29207946 

1.39 

0.2500 

USES 

0.06585372 

0.03098128 

7.43608491 

4.52 

0.0445 

HSR9 

-0.11643770 

0.25847123 

0.33399910 

0.20 

0.6566 

HSB10 

•0.09876304 

0.11653531 

1.18210585 

0.72 

0.4055 

HSR13 

0.15250891 

0.16840075 

1.34984791 

0.82 

0.3745 

Bound*  on  condition  nuaber: 

397.1322, 

8224.202 

Step  7  Variable  MSR9  Reaoved  R-*quare 

»  0.64529925  C(p) 

«  8.00109349 

DP 

Sua  of  Square* 

Mean  Square 

r 

Prob>  P 

Regre**ii 

an  11 

69.47435162 

6.31585015 

3.97 

0.0023 

Brror 

24 

38.18787060 

1.58116127 

Total 

35 

107.66222222 

The  SiS  8y«t*a  16:49  Thursday 

.  July 

12,  1990 
17 

Parameter 

Standard 

Type  II 

Variable 

Satlaate 

Brror 

la  of  Square* 

P 

Prob>P 

INTfRCEP 

73.54835334 

15.42488055 

36.57022203 

22.98 

0.0001 

81 

•32.41372561 

10.01989079 

16.65327753 

10.47 

0.0035 

B3 

6.57187953 

2.43200473 

11.61688754 

7.30 

0.0124 

B4 

9.26920218 

2.94560086 

15.62425574 

9.95 

0.0043 

85 

5.78531968 

2.42714926 

9.04015663 

5.68 

0.0254 

86 

4.27067804 

1.69882073 

10.05571053 

6.32 

0.0191 

MSM 

0.09632110 

0.08839783 

1.86918236 

1.19 

0.2867 

MSR5 

0.28481100 

0.16042251 

5.01530222 

3.15 

0.0885 

HSR7 

-0.01413049 

0.01257000 

2.01074946 

1.26 

0.2721 

187 


NSR8 

0.06388707 

0.03016879 

7.14837268 

4.49 

0.0446 

HSR10 

•0.07789478 

0.10514190 

0.67333118 

0.56 

0.4660 

MSR13 

0.12441392 

0.15380668 

1.04111230 

0.65 

0.4265 

found*  on  condition  maber: 

315.4872. 

5659.37 

Stop  8  Vorloblo  HSR10  IM 

oved  R-oquare 

*  0.63718748  C(p) 

>  4.41276857 

» 

OP 

lia  of  Square* 

Moan  Square 

P 

Prob>P 

Rogrooslon 

10 

68.60102044 

6.86010204 

4.39 

0.0013 

Irror 

2$ 

39.06120178 

1.56244807 

Total 

35 

107.66222222 

Parameter 

Standard 

Typo  11 

Varlablo 

■atlaato 

Irror 

Sub  of  Squaroa 

P 

Prob>P 

INTERCIP 

70.36389224 

14.51367849 

36.72402761 

23.50 

0.0001 

81 

•32.74098976 

9.91953649 

17.02183757 

10.89 

0.0029 

83 

6.4S712294 

2.40506847 

11.26234460 

7.21 

0.0127 

B4 

9.62325635 

2.88450082 

17.39035190 

11.13 

0.0027 

85 

5.76155365 

2.40493999 

8.96760195 

5.74 

0.0244 

86 

4.39212904 

1.67556663 

10.73574955 

6.87 

0.0147 

HSR4 

0.11139070 

0.08524601 

2.66781268 

1.71 

0.2032 

MSB5 

0.27275459 

0 . 15814842 

4.64750672 

2.97 

0.0969 

HSR7 

•0.01185924 

0.01207993 

1.50588223 

0.96 

0.3356 

MSR8 

0.06594059 

0.02980083 

7.64987626 

4.90 

0.0363 

MSR13 

0.07968994 

0.14018254 

0.50492251 

0.32 

0.5748 

Bound*  on  condition  nuaber: 

314.8815, 

5344.808 

Stop  9  Varlablo  MSR13  Roaoved  R-square 

•  0.63249761  C(p) 

*  2.65078022 

DP 

Stai  of  Squaroa 

Moan  Square 

P 

Prob>P 

Regression 

9 

68.09609793 

7.56623310 

4.97 

0.0006 

Error 

26 

39.56612429 

1.52177401 

Total 

35 

107.66222222 

Paraaotor 

Standard 

Typo  II 

Varlablo 

Eatlaato 

Error 

Sua  of  Squaroa 

P 

Preb>P 

INTERCIP 

78.15403007 

4.71830521 

417.52343525 

274.37 

0.0001 

The  SAS  gyetoa  16:49  Thursday,  July 

12,  1990 
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81 

-91.73326997 

9.63198387 

16.51765242 

10.85 

0.0028 

83 

6.41161950 

2.37225396 

11.11707099 

7.31 

0.0120 

84 

9.55790379 

2.84444641 

17.18224686 

11.29 

0.0024 

85 

4.87633689 

1.80872125 

11.08099694 

7.27 

0.0121 

88 

4.57206655 

1.62383975 

12.06393298 

7.93 

0.0092 

HSR4 

0.10526379 

0.08345400 

2.42110628 

1.59 

0.2184 

MSR5 

0.25643914 

0.15348471 

4.24803970 

2.79 

0.1068 

MSR7 

•0.00959148 

0.01125284 

1 . 10559964 

0.73 

0.4018 

HSR8 

0.06840866 

0.029096SS 

8.41185845 

5.53 

0.0266 

Bound*  on  condition  nuabor: 

304.8255, 

4433.946 

StoplO  Variable  HSR7  Roaovod  l-aqu#r* 

«  0.62222846  C(p) 

•  1.17194059 

OP 

Sua  of  Squares 

Moan  Square 

P 

Prob>  P 

Rogroaalon 

8 

66.99049829 

8.37381229 

5.56 

0.0003 

Error 

27 

40.67172393 

1.50636015 

Total 

35 

107.66222222 

Paraaotor 

Standard 

Typo  II 

Variable 

Eatlaato 

Irror 

Sta  of  Squares 

P 

Prob>P 

188 


I 


INTIRCIP 

77.40017080 

4.61113043 

424.42028725 

281 

75 

0.0001 

81 

-32.85107358 

0.40360580 

18.03760813 

11 

07 

0.0018 

83 

6.20740270 

2.35642762 

10.75820723 

7 

14 

0.0126 

84 

0.58708084 

2.82078645 

17.20321764 

11 

48 

0.0022 

85 

5.51003223 

1.63571171 

17.14000202 

11 

38 

0.0023 

88 

4.00818000 

1.56723201 

14.77422762 

8 

81 

0.0041 

HSR4 

0.12841653 

0.07850004 

4.03024326 

2 

68 

0.1135 

HSRS 

0.23163626 

0.14003568 

3.50526383 

2 

38 

0.1340 

HSR8 

0.06682842 

0.02888087 

8.08040408 

8 

35 

0.0286 

Rounds  on 

condition  nuaber : 

208.1657, 

3821.113 

Stepll  Variable  HSRS  iMOvtd  R-square  •  0.S8SS34S3  C(p)  •  0.86668S20 


DP 

Sia  of  Squares 

Mean  Square 

P 

Prob>P 

Regression 

7 

63.39523446 

0.05646207 

5.73 

0.0003 

Irror 

28 

44.26698777 

1.58096385 

Total 

35 

107.66222222 

Psraaatar 

Standard 

Type  11 

Variable 

1st  last* 

Irror 

Sua  of  Squares 

P 

Prob>P 

INTBRC8P 

82.46570011 

3.32147443 

974.55624501 

616.43 

0.0001 

81 

-20.62041545 

5.37602041 

23.27951706 

14.72 

0.0006 

83 

3.10469805 

1.15990332 

11.32705712 

7.16 

0.0123 

84 

5.72266340 

1.35437704 

28.22533056 

17.85 

0.0002 

85 

4.28090802 

1.46084463 

13.57700373 

8.59 

0.0067 

86 

3.12148167 

1.08355232 

13.12029042 

8.30 

0.0075 

HSR4 

0.17128429 

0.07523865 

6.10360575 

5. 18 

0.0307 

MSR8 

0-06498367 

0.02957144 

7.63456626 

4.83 

0.0364 

Tha  SAS  Systea  16:49  Thursday,  July  12,  1090 
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Rounds  on  condition  nuaber: 

91.40499, 

1036.919 

All  variablaa  left  in  tha  aodel  ara  significant  at  tha  0.1000  level. 

Suaaary  of  Backward  Bliainatlon  Procedure  for  Dapandant  Variable  MSRll 


Step 

Variable 

Raaovad 

Nuaber 

In 

Partial 

8»»2 

Model 

R«»2 

C(P) 

P 

Prob>P 

1 

MIR3 

17 

0.0008 

0.6642 

17.0431 

0.0431 

0.8381 

2 

NORTH 

16 

0.0010 

0.6632 

15.0924 

0.0521 

0.6221 

3 

HSR12 

15 

0.0029 

0.6603 

13.2408 

0.1650 

0.6801 

4 

H8R6 

14 

0.0041 

0.6562 

11.4487 

0.2411 

0.8288 

5 

HSR1 

13 

0.0041 

0.6521 

0.6543 

0.2475 

0.6240 

6 

HSR2 

12 

0.0037 

0.6464 

7.6437 

0.2359 

0.6320 

7 

MSR9 

11 

0.0031 

0.6453 

6.0011 

0.2020 

0.6566 

8 

MIR10 

10 

0.0081 

0.8372 

4.4128 

0.5489 

0.4660 

9 

HSR13 

9 

0.0047 

0.6325 

2.6508 

0.3232 

0.5748 

10 

HSR7 

8 

0.0103 

0.1222 

1.1719 

0.7265 

0.4018 

11 

HSRS 

7 

0.0334 

0.5888 

0.8667 

2.3867 

0.1340 

ISO 


OBS 

B1 

B2 

B3 

B4 

BS 

Tha 

B8 

SAS 

B7 

Systsa 

MONTH 

18:49 

NS  81 

Thursday 

N882 

.  July 

N8B3 

12,  1990 
1 

N3B4 

1 

0 

0 

1 

0 

0 

0 

0 

1 

21.90 

64.88 

48.10 

16.32 

2 

0 

0 

1 

0 

0 

0 

0 

2 

28.38 

83.07 

39.31 

12.28 

3 

0 

0 

1 

0 

0 

0 

0 

3 

28.08 

83.80 

70.71 

16.44 

4 

0 

0 

1 

0 

0 

0 

0 

4 

28.18 

83.09 

82.32 

16.40 

5 

0 

0 

1 

0 

0 

0 

0 

S 

28.64 

84.23 

33.28 

18.71 

6 

0 

0 

1 

0 

0 

0 

0 

• 

24.02 

83.89 

35.63 

16.23 

7 

0 

0 

0 

1 

0 

0 

0 

1 

21.10 

80.93 

13.40 

9.30 

8 

0 

0 

0 

1 

0 

0 

0 

2 

19.30 

83.36 

17.80 

9.50 

9 

0 

0 

0 

1 

0 

0 

0 

3 

20.80 

81.61 

23.70 

11.14 

10 

0 

0 

0 

1 

0 

0 

0 

4 

22.30 

60.20 

14.80 

13.30 

11 

0 

0 

0 

1 

0 

0 

0 

8 

23.10 

73.83 

23.90 

13.10 

12 

0 

0 

0 

1 

0 

0 

0 

6 

19.30 

80.78 

20.10 

10.10 

13 

0 

0 

0 

0 

1 

0 

0 

1 

10.20 

77.31 

31.70 

14.60 

14 

0 

0 

0 

0 

1 

0 

0 

2 

21.70 

71.94 

91.80 

14.80 

IS 

0 

0 

0 

0 

1 

0 

0 

3 

10.40 

72.13 

72.80 

7.80 

14 

0 

0 

0 

0 

1 

0 

0 

4 

17.10 

71.78 

98.90 

6.30 

17 

0 

0 

0 

0 

1 

0 

0 

5 

20.30 

72.91 

78.00 

6.90 

18 

0 

0 

0 

0 

1 

0 

0 

8 

19.30 

73.32 

53.00 

6.90 

19 

0 

0 

0 

0 

0 

1 

0 

1 

14.30 

78.39 

83.00 

18.30 

20 

0 

0 

0 

0 

0 

1 

0 

2 

14.80 

60.37 

72.00 

14.20 

21 

0 

0 

0 

0 

0 

1 

0 

3 

13.S0 

70.89 

37.90 

15.20 

22 

0 

0 

0 

0 

0 

1 

0 

4 

13.20 

80.5* 

23.20 

17.80 

23 

0 

0 

0 

0 

0 

1 

0 

$ 

13.00 

80.72 

25.50 

23.80 

24 

0 

0 

0 

0 

0 

1 

0 

8 

17.90 

80.39 

27.90 

21.90 

2S 

0 

0 

0 

0 

0 

0 

1 

1 

31.80 

87.48 

86.00 

24.00 

26 

0 

0 

0 

0 

0 

0 

1 

2 

45.60 

72.31 

115.00 

31.00 

OBS 

HSBS 

MSR6 

HSR7 

HSR8 

MSR9 

MSR10 

HSR11 

MSR12 

HSR13 

1 

9.95 

48.3 

52 

97.40 

2.00 

98.5 

95.7 

96.6 

98.89 

2 

9.30 

49.6 

100 

100.00 

0.70 

98.1 

95.6 

93.9 

98.80 

3 

9.97 

48.8 

87 

99.10 

3.30 

98.6 

94.3 

96.3 

99.90 

4 

10.72 

49.2 

131 

98.90 

2.30 

98.0 

94.4 

94.7 

99.82 

3 

10.36 

48.4 

90 

96.30 

2.80 

97.1 

94.2 

96.7 

99.83 

6 

11.35 

41.1 

103 

98.90 

3.70 

96.8 

94.5 

98.1 

99.92 

7 

6.09 

30.5 

75 

88.50 

3.76 

92.0 

93.6 

93.6 

99.60 

6 

5.90 

29.3 

82 

79.40 

1.76 

93.9 

94.2 

94.6 

98.89 

9 

6.70 

28.9 

86 

83.10 

1.19 

89.9 

95.4 

91.0 

99.39 

10 

6.30 

30.3 

89 

72.60 

1.73 

66.9 

93.0 

97.2 

99.33 

11 

7.56 

29.6 

78 

81.50 

1.30 

100.0 

96.0 

92.3 

99.68 

12 

7.00 

31.2 

64 

76.40 

0.91 

97.7 

95.6 

97.6 

99.72 

13 

18.00 

47.1 

18 

96.97 

1.70 

92.9 

94.5 

93.9 

83.30 

14 

19.70 

45.9 

28 

77.42 

1.66 

69.0 

95.8 

88.6 

60.40 

13 

17.20 

46.9 

31 

82.81 

1.00 

96.4 

93.4 

93.5 

69.60 

16 

17.60 

47.0 

24 

98.04 

2.46 

91.4 

94  1 

94.0 

83.50 

17 

18.30 

44.9 

100 

97.22 

1.97 

94.7 

93.4 

94.4 

66.90 

18 

14.60 

43.6 

73 

98.00 

2.20 

94.5 

94.9 

98.9 

91.60 

19 

17.60 

42.9 

69 

99.24 

0.80 

95.5 

95.0 

95.5 

99.90 

20 

16.60 

43.8 

57 

98.45 

0.80 

97.7 

94.6 

94.7 

100.00 

21 

16.30 

43.8 

74 

97.80 

0.00 

96.6 

93.9 

97.2 

100.00 

22 

16.90 

42.4 

43 

100.00 

0.00 

99.1 

93.3 

99.0 

99.90 

23 

17.20 

41.9 

46 

96.39 

0.00 

93.5 

96.4 

95.3 

99.70 

24 

16.20 

41.7 

60 

99.30 

1.90 

93.4 

95.8 

98.2 

99.70 

23 

22.00 

3S.S 

91 

73.60 

0.90 

94.1 

90.1 

87.2 

95.60 

26 

26.00 

34.5 

67 

71.60 

1.70 

98.2 

92.9 

87.6 

97.10 
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OBS 

B1 

82 

B3 

B4 

BS 

86 

B7 

MONTH 

MSR1 

H5B2 

NSR3 

MSR4 

27 

0 

0 

0 

0 

0 

0 

1 

3 

30.60 

86.45 

100.00 

26.00 

28 

0 

0 

0 

0 

0 

0 

1 

4 

47.00 

64.51 

123.00 

26.00 

29 

0 

0 

0 

0 

0 

0 

1 

5 

49.60 

64.88 

127.00 

29.00 

30 

0 

0 

0 

0 

0 

0 

1 

6 

48.40 

77.20 

91.00 

23.00 

31 

-1 

-1 

-1 

-1 

-l 

-1 

1 

23.90 

75.18 

48.00 

19.00 

190 


32 

-:  -l 

-1 

-1 

-1 

-1 

•  1 

2  31.60  77. 

16 

50.00  21.00 

33 

•1  *1 

-1 

•  1 

•  1 

-1 

-1 

3  23.20  79. 

22 

36.00  15.00 

34 

-1  -1 

•  1 

"1 

-1 

-1 

•  1 

4  24.90  79. 

17 

38.00  18.00 

35 

•1  >1 

•  1 

•  1 

•  1 

-1 

-1 

5  25.90  61. 

60 

40.00  19.00 

36 

-1  -1 

-1 

-1 

•  1 

-1 

-1 

6  21.00  86. 

78 

44.00  12.00 

OBS 

MSRS 

HS96 

H897 

USES 

NSB9 

146910  HS9U 

H9B12 

HSB13 

27 

24.00 

34.2 

76 

87.50 

0.00 

95.0  93.4 

92.1 

94.60 

26 

26.00 

34.3 

98 

55.70 

0.00 

96.9  87.2 

92.9 

94.00 

29 

29.00 

32.3 

135 

81.00 

1.20 

94.0  95.1 

88.4 

95.50 

30 

30.00 

31.0 

102 

85.20 

5.60 

94.1  93.0 

94.5 

95.70 

31 

17.00 

29.6 

59 

64.40 

2.90 

95.0  96.2 

96.0 

95.60 

32 

17.00 

29.9 

43 

93.90 

1.20 

96.4  95.6 

94.5 

97.10 

33 

13.00 

30.4 

63 

91.00 

0.00 

95.8  95.5 

96.3 

94.60 

34 

15.00 

29.8 

67 

92.30 

1.10 

95.2  93.4 

92.5 

94.00 

35 

15.00 

30.0 

67 

84.60 

0.00 

93.8  96.0 

94.6 

95.30 

36 

14.00 

27.2 

80 

80.00  1.10  97.6  95.2  96.6 
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Backward  Elimination  Procedure  for  Dependent  variable  MSBIC 

Step  0  All  Variablea  Entered  R- square  *  0.64258878  C(p)  *  19.00000000 
NOTE:  The  model  is  not  of  full  rank.  A  subaet  of  the  model  which  la  of  full 
rank  la  chosen. 


DP 

Sua  of  Squares 

Mean  Square 

P 

Prob>P 

Regression 

16 

182.58714007 

10 . 1437300f 

1.70 

0.1405 

Error 

17 

101.55591548 

5.97387738 

Total 

35 

284.14305556 

Paraaeter 

Standard 

Type  II 

variable 

Eatiaate 

Error 

Sua  of  Squarea 

P 

Prob>P 

INTERCEP 

90.48796723 

56.32324156 

15.41922994 

2.58 

0.1266 

B1 

7.31404712 

39.11726127 

0.20885022 

0.03 

0.8539 

B3 

2.64589939 

9.34822509 

0.47856908 

0.08 

0.7806 

B4 

0.55266712 

9.45476434 

0.02041184 

0.00 

0.9541 

B5 

-6.42866197 

10.70790879 

2.15187922 

0.36 

0.5563 

B6 

-6.53828528 

8.14159974 

3.85269421 

0.64 

0.4330 

MONTH 

0.50502532 

0.38608536 

10.22153078 

1.71 

0.2083 

MSR1 

-0.18539978 

0.20159438 

5.05263430 

0.65 

0.3706 

MSR2 

•0.22149415 

0.21594808 

6.28466529 

1.05 

0.3194 

MSR3 

-0.03361370 

0.04289291 

3.66874793 

0.61 

0.4440 

MSR4 

-0.34889430 

0.21776757 

15.33407680 

2.57 

0.1275 

MSR5 

0.68423498 

0.47024333 

12.64799181 

2.12 

0.1639 

MSR6 

0.30535963 

0.38601755 

3.73822508 

0.63 

0.4398 

MSR7 

-0.04807522 

0.02848790 

17.01288054 

2.85 

0.1098 

MSRS 

0.01721005 

0.06965573 

0.36467562 

0.06 

0.8078 

MSR9 

-0.51599832 

0.57572127 

4.79875215 

0.80 

0.3826 

MSE11 

•0.28019969 

0.40128248 

2.91266950 

0.49 

0.4945 

MSR12 

-0.26171282 

0.29718400 

4.63292686 

0.78 

0.3908 

MSB  13 

0.68384410 

0.31091668 

28.69897734 

4.84 

0.0420 

Bound  a  on  condition  niaber : 

1280.709, 

39667.02 

Step  1  Variable  B4  Removed  I-aquare  »  0.64251695  C(p)  «  17.00341685 


DP 

Sua  of  Squarea 

Mean  Square 

P 

Prob>F 

Beireaalon 

17 

182.56672823 

10.73921931 

1.90 

0.0928 

Error 

18 

101.57632732 

5.64312930 

Total 

35 

284.14305556 

Paraaeter 

Standard 

Type  II 

Variable 

Eatiaate 

Error 

Sub  of  Squarea 

P 

Prob>P 

INTERCeP 

91.28277804 

53.12270422 

16.66239205 

2.95 

0.1029 

191 

>1 

9.28522316 

19.23909449 

1.31470701 

0.23 

0.6331 

2.23764652 

6.39684646 

0.70303462 

0.12 

0.7282 

as 

-6 . 79028392 

8.47001779 

3.62606170 

0.64 

0.4332 

•s 

-6.85623644 

S.687S8S64 

7.63276711 

1.36 

0.2594 

MONTH 

0 . 509668G2 

0.36830139 

10.92136313 

1.94 

0.1811 

MSR1 

•0.19189360 

0.16349870 

7.77342433 

1.36 

0.2538 

MS  12 

-0.22476357 

0.20272276 

6.93692088 

1.23 

0.2821 

The  SAS  Syst 
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12,  1990 
4 

MSR3 

-0.03S3P'  .0 

0 . 04148S00 

3.63049198 

0.63 

0.4317 

MSR4 

-0.348f  32 

0.21165119 

13.33939716 

2.72 

0.1166 

MSRS 

0.66'  180 

0.30201038 

27.24344933 

4.83 

0.0413 

MSR6 

0.30  ,390 

0.37237085 

3.72664218 

0.66 

0.4270 

HSR7 

-0.04. *2608 

0.027S7678 

17.04420301 

3.02 

0.0993 

MSRS 

0 .01685314 

0.06756311 

0.33326372 

0.06 

0.8047 

MSRS 

-0.50091414 

0.30019930 

S.65927Q13 

1.00 

0.3299 

HSR11 

-0.27029861 

0.33356771 

3.29606947 

0.36 

0.4543 

MSR12 

-0.26526707 

0.28272662 

4.96757093 

0.88 

0.3603 

MSR13 

0.68109646 

0.29868820 

26.34190909 

5.20 

0.03S0 

Sound  •  on 

condition  nuaber: 

327.9588. 

13641.43 

Step  2  Variable  87  Entered 

1  R -square  «•  0.64258878 

C(p)  >  19.00000000 

NOTE:  The 

variable  which  previously  had  saa 

11  tolerance  is  now  allowed 

to  enter 

•ft«r 

reaoval  of  aoae 

vanablea  froa 

the  aodel. 

Dr 

Sua  of  Squares 

Mean  Square 

r 

Prob>P 

Regression 

18 

182 . S87140C7 

10.14373000 

1.70 

0.1405 

Error 

17 

101.55591548 

5.97387738 

Total 

35 

264 . 14305SS6 

Paraaeter 

Standard 

Type  11 

Variable 

Estlaate 

Error 

Sub  of  Squares 

r 

Prob>P 

INTERCRP 

91.04063435 

54.81407356 

16.47944942 

2.76 

0.1151 

81 

10.63004982 

30.33737288 

0.73345076 

0.12 

0.7303 

83 

2.09323227 

7.13681679 

0.31075032 

0.09 

0.7735 

B5 

-6.97932908 

9.29630329 

3.36715339 

0.56 

0.4631 

86 

-7.09095240 

7.26746746 

5.68720983 

0.93 

0.3429 

87 

-0.S5266712 

9.45476434 

0.02041184 

0.00 

0.9541 

MONTH 

0-50502532 

0.38608536 

10.22153078 

1.71 

0.2063 

MSR1 

-0  18339978 

0.20159438 

5.052C3430 

0.83 

0.3706 

MSR2 

-0.22149413 

0.21394808 

6.28466329 

1.05 

0.3194 

MSR3 

-0.03361370 

0.04289291 

3.66874793 

0.61 

0.4440 

MSR4 

•0.34889430 

0.21776737 

13.33407680 

2.57 

0.1275 

HSR5 

0.68423498 

0.47024333 

12.64799181 

2.12 

0.1639 

MSRS 

0.30335963 

0.38601755 

3.73822508 

0.63 

0.4398 

MSR7 

-0.04807522 

0.02648790 

17.01288054 

2.85 

0.1098 

MSRS 

0.01721003 

0.0696SS73 

0.36467562 

0.06 

0.8078 

MSR9 

•0.51599832 

0.57572127 

4.79875213 

0.80 

0.3826 

MSR11 

-0.28019969 

0.40128248 

2.91266950 

0.49 

0.4943 

MSR12 

-0.26171282 

0.29718400 

4.63292686 

0,78 

0.3908 

MSR13 

0.68384410 

0.31091668 

28.89897734 

4.64 

0.0420 

Sounds  on 

condition  nuaber: 

770.3173, 

27663.17 

Step  3  Variable 

>  >7  Reaoved 

R- square  ■ 

0.64251695  C(p)  >  17.00341685 

or 

Sua  of  Squares 

Mean  Square  r 

Prob>r 

Regression 

17 

182.56672823 

10. 73S21931  1.80 

0.0928 

Error 

18 

10'.. 37632732 

5.64312930 

Total 

35 

284.14305556 

The  SAS  Syatea  16:49  Thursday,  July 

12.  1990 
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Paraaeter 

Standard 

Type  11 

197 


0* 


( 


( 


Variable 

Ballasts 

trror 

9va  of  Squares 

p 

frob>f 

1NTRRCSP 

91.28277804 

33.12270422 

16.66239203 

2.95 

0.1029 

>1 

8.28622316 

19.23909449 

1.31470701 

0.23 

0.6331 

>3 

2.23784632 

6.39664646 

0.70303462 

0.12 

0.7282 

63 

•6.79026392 

8.47091779 

3.62606170 

0.64 

0.4332 

88 

-6.63623644 

3.68736364 

7.63278711 

1.36 

0.2394 

.'10KTK 

0.30966882 

0.36630139 

10.92136313 

1.94 

0.1611 

H861 

-0.19168360 

0.16349870 

7.77342433 

1.38 

0.2536 

HSR  2 

-0.22476337 

0.20272276 

6.93692086 

1.23 

0.2621 

NS  6  3 

-0.03336620 

0.04148300 

3.63049198 

0.63 

0.4317 

HSR  4 

•0.34893132 

0.21163119 

13.33939716 

2.72 

0.1166 

HS83 

0.66360380 

0.30201038 

27.24344933 

4.83 

0.0413 

H3R6 

0.30260390 

0.37237083 

3.72664218 

0.66 

0.4270 

NSR7 

-0.04792608 

0.02737678 

17.04420301 

3.02 

0.0993 

HSRS 

0.01693314 

0.06736311 

0.33328372 

0.06 

0.8047 

H3BS 

•0.30091414 

0.30019930 

3.63927013 

1.00 

0.3299 

nsRll 

•0.27029661 

0.33356771 

3.29808947 

0.38 

0.4343 

NSI12 

•0.26S26707 

0.26272962 

4.96737093 

0.68 

0.3603 

HSR  13 

0.68108646 

0.29888620 

29.34190909 

3.20 

0.0330 

Bounds  on 

condition  nuaber: 

327.9388, 

13641.43 

Step  4  Variable  NS88  Reaoved  B-square 

■  0.64126638  C(p) 

•  15.06288973 

Of 

Sua  of  Squares 

Mean  Square 

P 

Prob>f 

Regression 

16 

182.21144451 

11.38821528 

2.12 

0.0595 

Srror 

19 

101.93161104 

3.36482163 

Total 

33 

284.14303336 

Paraaeter 

Standard 

Type  11 

variable 

Bat  lasts 

Brror 

Sua  of  Squares 

P 

Prob>P 

1KTIRCIP 

88.41337116 

30.36331441 

16.39052395 

3.06 

0.0906 

81 

7.93501230 

18.03132926 

1.04419476 

0.19 

0.6641 

83 

2.32833243 

6.14791281 

0.90733620 

0.17 

0.6835 

83 

•6.34118434 

8.07291721 

3.31003376 

0.62 

0.4419 

86 

•6.38768133 

5.44414404 

7.38554515 

1.38 

0.2552 

HONTH 

0.30508088 

0.33686490 

10.74636047 

2.00 

0.1732 

HSR1 

•0.17662311 

0.14796360 

7.64432328 

1.42 

0.2473 

HSB2 

•0.21472883 

0.19377618 

6.58772140 

1.23 

0.2816 

HSRS 

-0.03557337 

0.03952309 

4.34491886 

0.81 

0.3793 

HSR  4 

-0.36207640 

0.19996426 

17.38939824 

3.28 

0.0860 

HSBS 

0.66923709 

0.29363419 

27.86396382 

5.19 

0.0344 

HSB6 

0.30734302 

0.36260473 

3.85425731 

0.72 

0.4072 

HSB7 

•0.04783039 

0.02688539 

16.97946044 

3.16 

0.0012 

HSR9 

•0.50301743 

0.48744823 

5.75632254 

1.07 

0.3132 

MSR11 

•0.24278363 

0.32773922 

2.94399671 

0.55 

0.4679 

HSB12 

•0.27020243 

0.27300172 

5.17920433 

0.97 

0.3382 

HSR  13 

0.69081260 

0.28876690 

30.70301070 

5.72 

0.0272 

Bounds  on  condition  nuaber: 

303.0192, 

12026.46 

The  8AS  Systea  16:49  Thursday 

.  July 

12,  1990 

8 

Step  }  Variable  B3  Reaoved  R- square  *  0.63807334  C(p)  ■  13.21477370 


DP 

Sua  of  Squares 

Hean  Square 

r 

Prob>  P 

Regression 

IS 

181.30410831 

12.08694055 

2.3$ 

0.0378 

Brror 

20 

102.83894724 

3.14194736 

Total 

35 

284.14305356 

Paraaeter 

Standard 

Type  II 

Variable 

Batiaate 

Brror 

Sua  of  Squares 

r 

Prob>P 

IHTEBCEP 

83.10666590 

47.88196612 

15.49014058 

3.01 

0.0960 

81 

14.43409773 

8.38638338 

14.33069335 

2.83 

0.1063 

163 


B5 

-B. 67410128 

5.62329230 

12.23475520 

2.36 

0.1386 

98 

•8.13937220 

3.31939993 

30.91649707 

8.01 

0.0235 

MONTH 

0.55598807 

0.32769944 

14.80048428 

2.88 

0.10S3 

Mill 

•0.19371444 

0.13902755 

9.98274320 

1.94 

0.1788 

H9B2 

•0.21174*8* 

0.1**17552 

8.414*9539 

1.25 

0.2773 

H8R3 

•0.0381*141 

0.03866785 

4.50441*44 

0.66 

0.3605 

MSR4 

•0.3571459* 

0.19541439 

17.17535917 

3.34 

0.0626 

HSRS 

0.8871333* 

0.29744613 

27.69746514 

5.39 

0.0310 

MSR8 

0.44448852 

0.13950864 

52.19242104 

10.15 

0.0046 

NSR7 

•0.04543138 

0.02569427 

16.07572106 

3.13 

0.0923 

H9R9 

-0.42729301 

0.43988570 

4.85176241 

0.94 

0.3430 

HSR11 

•0.22009*10 

0.31*26227 

2.49008840 

0.46 

0.4945 

N8R12 

•0.27185015 

0.26920678 

5.23570943 

1.02 

0.3250 

HSR13 

0.87977301 

0.28124847 

29.94**7528 

5.82 

0.0255 

Bounds  on  oondltion  niabar: 

73.79636, 

4153.805 

Step  8  variable  Mill  teaoved  8 -square 

•  0.62*30984  C(p) 

•  11.63160322 

DP 

Sua  of  Squares 

Mean  Square 

P 

Prob>  P 

Regression 

14 

178.61401991 

12.77242999 

2.55 

0.0258 

Irror 

21 

105.32903565 

5.01566836 

Total 

35 

264.14305556 

Paraaetar 

Standard 

Type  11 

variable 

Bttiaata 

Error 

Sue  of  Squares 

P 

Prob>P 

INTBRCEP 

61.60354308 

36.12504369 

14.58557075 

2.91 

0.1029 

B1 

15.28544499 

8.39377517 

16.83296979 

3.32 

0.0629 

BS 

-9.09670657 

5.52133161 

13.61474535 

2.71 

0.1143 

B8 

-8.26962295 

3.27317078 

32.0156*295 

6.38 

0.0199 

MONTH 

0.51767335 

0.31905451 

13.20415620 

2.63 

0.1196 

MSR1 

-0.18300665 

0.13646621 

9.02011994 

1.60 

0.1*42 

MSR2 

-0.22399288 

0.16642477 

7.24085741 

1.44 

0.2429 

MSR3  . 

-0.03479546 

0.03813666 

4.17487300 

0.83 

0.371* 

HSR4 

•0.37429139 

0.19145977 

19.1*873282 

3.82 

0.0640 

MSR5 

0.686S9649 

0.28254750 

29.61754342 

5.91 

0.0242 

MSR6 

0.44581014 

0.13777176 

52.51801160 

10.47 

0.0040 

MSR7 

-0.04195349 

0.02489208 

14.24763240 

2.84 

0.1067 

HSRS 

-0.49174249 

0.42471247 

8.72379192 

1.34 

0.25*9 

MSR12 

-0.22798672 

0.25855813 

3.89*70265 

0.76 

0.3879 

M8R13 

0.64999216 

0. 2747S374 

28.07099707 

5.60 

0.0277 

The  SAS  iyitM  16:4*  Thursday,  July  12,  1990 
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Bounds  on  condition  nuaber:  72.9358*,  3792.734 


Stop  7  Variable  HSB12  Baaoved  I -square  «  0.91559540  C(p)  •  10.2*439577 


DP 

Sua  of  Squares 

Resreaalon 

13 

174.91431726 

Error 

22 

109.22873830 

Total 

35 

284.14304559 

Parameter 

9 tends rd 

variable 

letlaate 

Irror 

INTBRCEP 

44.53041165 

30.34312179 

B1 

13.70247639 

8.15798042 

BS 

-7.75635642 

5.28105295 

B6 

•7.56633866 

3.15898015 

MONTH 

0.36072076 

0.27729484 

M9R1 

•0.14892477 

0.13021449 

H8R2 

•0.17676650 

0.17746019 

H9R3 

•0.02238196 

0.03526556 

H8R4 

•0.30010676 

0.17111354 

M8R5 

0.59479303 

0.26133441 

Mean  Square 

r 

Prob>P 

13.45494746 

4.96494285 

2.71 

0.0190 

Type  11 

Sua  of  Squares 

P 

Prob>P 

10.6*318638 

2.15 

0.1594 

14.00708177 

2.62 

0.1072 

10.70*98670 

2.1* 

0.1*91 

28.49847092 

6.74 

0.0255 

9.35998386 

1.69 

0.1*36 

6.49425706 

1.31 

0.2650 

4.91511760 

0.99 

0.3306 

1.89990700 

0.40 

0.5322 

15.27224365 

3.08 

0.0934 

25.71892327 

6.19 

0.0329 

HIM 

0.SB1T4S79 

0.11646343 

53.34373537 

10.74 

0.0034 

MOT 

-0.03S2440S 

0.02359114 

11.09199506 

2.23 

0.1492 

M9B9 

•0.19209206 

0.40710943 

10.60211536 

2.12 

0.1900 

HOIS 

0.67469706 

0.25996230 

24.29296774 

4.69 

0.0377 

Bound*  on  oondltlon  mabtrt 

97.40747, 

9194.131 

•top  •  Variable  NIBS  Beaoved  l-KUtn 

■  0.90964702  C(p) 

•  9.91917119 

09 

•ua  of  9|uirei 

Mean  Bquare 

f 

Prob>f 

Befreeelon 

12 

172.91441029 

14.40963419 

2.99 

0.0119 

Brror 

23 

111.22664530 

4.63602606 

Total 

36 

284.14305656 

Paraaeter 

9tandard 

Type  11 

Variable 

Betiaate 

Brror 

•ua  of  Iquarea 

r 

Prob>r 

INTBBCBP 

41.26976636 

29.61166664 

9.45274990 

1.96 

0.1764 

•  1 

11.67669622 

7.63417990 

12.01733627 

2.49 

0.1266 

PS 

>6.69110971 

4.94190019 

9. 96573512 

1.93 

0.1969 

>e 

>6.93461760 

2.95796767 

26.66149999 

6.60 

0.0261 

MONTH 

0.42261106 

0.26693349 

12.21646911 

2.53 

0.1256 

HOI 

-0.14734360 

0.12949934 

6.36941430 

1.32 

0.2633 

HIS2 

-0.14096934 

0.16626244 

3.47606747 

0.72 

0.4033 

HIM 

-0.25690034 

0.15466433 

13.30100249 

2.76 

0.1109 

MOS 

0.49073962 

0.20095069 

26.96912637 

5.97 

0.0226 

HOC 

0.33760369 

0.09219426 

94.94792517 

13.41 

0.0013 

M07 

-0.03721739 

0.02307021 

12.56666993 

2.60 

0.1203 

H09 

-0.96937369 

0.39156206 

9.62626724 

1.97 

0.1799 

Mill  3 

0.59914120 

0.25652286 

25.70604711 

5.32 

0.0305 

The  BAB  (ystea  16:49  Thureday,  July  12,  1990 
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Bound*  on  condition  nuaber : 

60.59963, 

2460.224 

•top  9  Variable  HBB2  Beaoved  B- aqua re 

•  0.69991951  C(p) 

•  7.20104909 

or 

Itae  of  9quarea 

Mean  Bquare 

r 

Prob>f 

Beireeeion 

11 

169.43934279 

16.40341171 

9.22 

0.0090 

Brror 

24 

114.70471277 

4.77936303 

Total 

36 

294.14306996 

Parana tor 

•tandard 

Type  11 

Variable 

Betiaate 

Brror 

•ta  of  Iquaree 

f 

Prob>f 

1NTBBCB9 

27.94469094 

24.79494934 

9.04213214 

1.26 

0.2720 

•1 

9.64266177 

9.97197966 

9.963S7979 

1.97 

0.1999 

■f 

•4.51727390 

4.19979019 

9.52937397 

1.19 

0.2929 

96 

-6.43245264 

2.69091962 

23.92615669 

4.99 

0.0312 

MONTH 

0.34622471 

0.34997212 

9.29471291 

1.94 

0.1769 

MBB1 

-0.09923199 

0.11460136 

9.693I6909 

0.76 

0.3951 

MIB4 

•0.23340491 

0.16229444 

11.71917249 

2.46 

0.1309 

NBB9 

0.60667116 

0.19990120 

90.99121670 

6.46 

0.0179 

MBB6 

0.29294066 

0.07121920 

72.49470691 

11.17 

0.0007 

M9BT 

•0.03617694 

0.02290219 

11.92561992 

2.60 

0.1273 

MIBB 

•0.71537060 

0.95146904 

19.90090104 

4.14 

0.0630 

HOll 

0.61419737 

0.25226269 

29.96916614 

1.94 

0.0229 

•ounde  on  oondltlon  nuaber: 

60.9924, 

1943.299 

ved  B-equare 

■  0.69370230  C(p) 

•  6.90099217 

or 

•a  of  Iquaree 

Mean  Bquare 

r 

Preb>F 

10 

169.96495970 

16.69649637 

9.61 

0.0053 

1*1 


Irror 

25 

116.26810185 

4.73152407 

Total 

35 

264. 14S0SSS6 

Paraaatar 

Standard 

type  II 

Variable 

Batiaata 

Irror 

9ua  of  Squarea 

r 

Prob>P 

IMTBRCIF 

27.52126798 

24.63915065 

1.26 

0.2726 

•1 

5.35856358 

5.01174059 

5.42945534 

1.15 

0.2943 

■1 

-3.05154781 

3.84406625 

3.06012154 

0.65 

0.4289 

•6 

•4. 44835514 

1.73899441 

30.97466810 

6.55 

0.0169 

MONTH 

0.35515587 

0.24704349 

9.94557491 

2.10 

0.1595 

HIM 

-0.25518506 

0.15026703 

13.84277060 

2.68 

0.1019 

NIKS 

0.38469608 

0.14063083 

35.36906083 

7.48 

0.0113 

one 

0.30103873 

0.07425803 

77.76049045 

18.43 

0.0004 

HSR7 

•0.03974355 

0.02241570 

14.67406642 

3.14 

0.0864 

H8R9 

•0.64511594 

0.34024977 

17.00908369 

3.59 

0.0696 

NM13 

0.50382370 

0.25069207 

27.44986161 

5.80 

0.0237 

* 

i 

• 

o 

3 

condition  nuabar: 

37.47714, 

1037.035 

Tha  5aS  Syataa  16:49  Thuraday 

,  July 

12,  1990 
9 

Itapll  Variable  95  leaoved 

R-aquara 

•  0.57293264  C(p) 

>  4.31314265 

or 

8ua  of  fquaree 

Mean  Square 

r 

Frob>  P 

Reireeelon 

9 

162.79483216 

18.08831468 

3.86 

0.0032 

Irror 

26 

121.34822339 

4.06723936 

Total 

35 

264.14305556 

Paraaatar 

ftandard 

Typ*  II 

Variable 

Batiaata 

Irror 

Sua  of  Squarea 

P 

rrob>F 

INTEICEF 

13.43994724 

17.08111410 

2.68950077 

0.62 

0.4385 

11 

1.74833160 

2.16770123 

2.98079196 

0.64 

0.4314 

86 

-4.31364865 

1.71698517 

29.39039015 

6.30 

0.0187 

MONTH 

0.29532989 

0.23276323 

7.51355650 

1.61 

0.2138 

HIR4 

-0.17731344 

0.11414144 

11.26306751 

2.41 

0.1324 

HSR5 

0.35076958 

0.13331718 

32.30960731 

6.92 

0.0141 

M8R6 

0.27147445 

0.06408009 

83.76679823 

17.95 

0.0003 

H8R7 

-0.03567530 

0.02168657 

12.62798492 

2.71 

0.1120 

M8R9 

•0.64739549 

0.33791874 

17.13069031 

3.67 

0.0664 

H8R13 

0. 7482S548 

0.17371399 

96.59449319 

18.55 

0.0002 

Round*  on  oondition  nuabar: 

7.597406, 

311.4218 

8t*pl2  Variable  91  Raaovad 

R-aquara 

•  0.56244218  C<p) 

•  2.01211371 

DP 

lua  of  Bquerea 

Mean  Square 

P 

Prob>P 

Rafraealon 

6 

159.81404020 

19.97675502 

4.34 

0.0016 

Irror 

27 

124.32901536 

4.60477635 

Total 

35 

264.14305556 

Paraaatar 

Standard 

Type  ii 

variable 

Batiaata 

Irror 

Ota  of  Squarea 

r 

Prob>F 

INTBICIP 

19.99216066 

14.11418944 

8.30766520 

1.60 

0.1904 

•6 

-3.16284267 

0.93245818 

82.97909420 

11.51 

0.0022 

MONTH 

0.26514642 

0.22813654 

6.22000277 

1.33 

0.2533 

MSR4 

-0.15689088 

0.11043677 

9.26858276 

2.01 

0.1674 

MSR5 

0.30983369 

0.12215372 

29.56437590 

6.43 

0.0174 

HSR6 

0.26805654 

0.06350792 

12.03623569 

17.92 

0.0002 

M8R7 

-0.02579761 

0.01770235 

9.77925906 

2.12 

0.1566 

MSR9 

•0.53549318 

0.30547750 

14.15005637 

3.07 

0.0910 

MSR1 ) 

0.67313989 

0.14510797 

99.09163407 

21.52 

0.0001 

bound*  on  oondition  nuabar: 

4.641112, 

163.1957 

Stepl3  variable  82  Entered  9 -square  •  0,57*93264  C(p)  >  4.3131426$ 

NOTE:  The  variable  which  previously  had  snail  tolerance  la  now  allowed  to  enter 


after 

removal  of  sons 

variables  froa 

the  aodel. 

DP 

Sia  of  Squares 

Mean  Square 

P 

Prob>P 

■egression 

9 

162.79483216 

18.08631468 

3.66 

0.0032 

Brror 

26 

121.34822339 

4.66723936 

The  SaS  System  16:49  Thursday.  July  12,  1990 
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Total 

35 

284.1430SS56 

Paraaeter 

Standard 

Type  II 

Variable 

Estimate 

Brror 

Sia  of  Squares 

P 

Prob>P 

INTBRCtp 

13.43994724 

17.08111410 

2.88950077 

0.62 

0.4385 

>2 

1.74833160 

2.18770123 

2.98079196 

0.64 

0.4314 

96 

-4.31364865 

1.71898517 

29.39039015 

6.30 

0.0187 

MONTH 

0.29532969 

0.23276323 

7.51355650 

1.61 

0.2158 

HS84 

-0.17731344 

0.11414144 

11.26306751 

2.41 

0.1324 

MSI5 

0.35076956 

0.13331718 

32.30960731 

6.62 

0.0141 

HSR6 

0.27147445 

0.06408008 

83.76679823 

17.95 

0.0003 

MSR7 

-0.03S67S30 

0.021688S7 

12.62796492 

2.71 

0.1120 

MSR9 

-0.64739549 

0.33791874 

17.13069031 

3.67 

0.0664 

MSR13 

0.74825548 

0.17371399 

66.59449319 

19.55 

0.0002 

Rounds  on  c 

.'d  It  Ion  niaber: 

7 .  *9?40u, 

311.4218 

Stepl4  Variable  >2  teaoved  8-square  •  0.56244218  C(p) 

•  2.81211371 

DP 

Sua  of  Squares 

Mean  Square 

P 

Prob> p 

■egression 

8 

159.81404020 

19.97675502 

4.34 

0.0018 

Error 

27 

124.32901536 

4.60477835 

Total 

35 

284.14305556 

Paraaeter 

Standard 

Type  11 

Variable 

Bstiaate 

Error 

Sun  of  Squares 

P 

Prob>  P 

INT8RCBP 

19.99216066 

14.86416944 

8.30766520 

1.80 

0.1904 

96 

-3.16284267 

0.93245868 

52.97909420 

11.51 

0.0022 

MONTH 

0.26514642 

0.22813654 

6.22000277 

1.35 

0.2553 

H8R4 

-0.15866068 

0.11043677 

9.26858278 

2.01 

0.1674 

H3RS 

0.30963369 

0.12215372 

29.58637590 

6.43 

0.0174 

M8R6 

0.26805654 

0.06350792 

62.03623569 

17.82 

0.0002 

M8R7 

-0.02579761 

0.01770235 

9.77925908 

2.12 

0.1566 

H9B9 

•0.53549318 

0.30547750 

14.15005637 

3.07 

0.0910 

HSB13 

0.67313998 

0.14510797 

99.09163407 

21.52 

0.0001 

Bounds  on  condition  maber : 

4.641112, 

163.1957 

•teplS  Variable  MONTH  ■ Moved  (-aqua re  *  0.54035179  C(p)  •  1.85331399 


DP 

Sia  of  Squares 

Mean  Square 

P 

Prob>p 

Regression 

7 

153.59403743 

21.94200535 

4.71 

0.0014 

Error 

28 

130.54901813 

4.66246493 

Totsl 

35 

284.14305556 

Parsaeter 

Standard 

Type  11 

Variable 

Eat lasts 

Error 

Sia  of  Squares 

P 

Prob>P 

INTERCEP 

20.05664711 

14.97699973 

8.36313698 

1.79 

0.1912 

86 

•3.10648366 

0.93701177 

51.24643215 

10.99 

0.0025 

HSR4 

•0.18083166 

0.10914148 

12.79925873 

2.75 

0.1087 

The  8AS  Syatee  16:46  Thursday,  July  12,  1990 
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hsbs 

0.329)2189 

0.12172882 

34.12474482 

7.32 

0.0118 

Hsns 

0. 260SS880 

0.06387375 

78.31887338 

18.80 

0.0003 

HSR7 

-0.01992729 

0.01707242 

8.38218722 

1.38 

0.2830 

Hilt 

-0.822)0903 

0.30717297 

13.48048824 

2.89 

0.1001 

HSR13 

0.88139111 

0.14883920 

101.77941812 

21.83 

0.0001 

Bounds  on  oondltlon  mabar: 

4.581887, 

131.7893 

Stspl6  Varlabla  NSR7  Baaovad  B-aquara 

•  0.51819627  C(p> 

•  0.91663799 

DP 

Sia  of  Squama 

Naan  Squara 

P 

Prob>P 

Ragrnssion 

8 

147.24187020 

24.54031170 

8.20 

0.0010 

Error 

29 

136.90118535 

4.72073053 

Total 

38 

284.14308558 

Paraaatar 

Standard 

Typo  11 

Varlabla 

Eatlaata 

Brror 

fiB  of  Bquaraa 

P 

Prob>P 

INTEROP 

27.10227711 

13.79286285 

18.22686415 

3.66 

0.0591 

B6 

•2.78535210 

0.90128989 

45.08586582 

9.55 

0.0044 

HSR4 

-0.166S4067 

0.10912811 

10.99452813 

2.33 

0.1378 

USES 

0.29114221 

0.11798214 

28.74663643 

6.09 

0.0197 

HSBC 

0.25196458 

0.06353946 

74.23369133 

15.73 

0.0004 

NSR9 

-0.59406438 

0.30267363 

18.24071957 

3.86 

0.0590 

MSR13 

0.60104293 

0.12937193 

101.89199560 

21.58 

0.0001 

Bounds  on 

condition  n unbar : 

4.223191, 

94.62532 

Stapl7  Varlabla  H9R4  Baaovad  B-aquara 

•  0.47980263  C(p) 

«  0.75707217 

DP 

Sua  of  Squaras 

Naan  Squara 

P 

Prob>P 

Ragraaalon 

5 

136.2473420? 

27.24946841 

5.83 

0.0010 

Brror 

30 

147.89571349 

4.92965712 

Total 

35 

284.14305586 

Paraaatar 

Standard 

Typa  II 

varlabla 

Eatlaata 

Brror 

lia  of  Squaras 

P 

Prob>P 

INTERCBP 

39.66342622 

11.31027748 

60.62730541 

12.30 

0.0015 

B6 

-2.38509588 

0.88117788 

36.11759663 

7.33 

0.0111 

HSR5 

0.14211422 

0.06766046 

21.74901191 

4.41 

0.0442 

M8R6 

0.24234650 

0.06461140 

69.35688215 

14.07 

0.0006 

MSB9 

-0.51490772 

0.30462419 

14.08524344 

2.86 

0.1013 

HSB13 

0.46801154 

0.09768928 

113.14976015 

22.95 

0.0001 

Bounda  on  condition  nuabar : 

1.890053, 

38.74717 

Tha  >AS  lyitN  18:49  Thursday,  July  12,  1990 
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StaplS  Variable  HSB9  Baaovad  B-squara  •  0.42992187  C(p)  •  1.11487909 


DP 

Sia  of  Squaras 

Naan  Squara 

P 

Prob>P 

Ragraaalon 

4 

122.16209863 

30.54052466 

5.84 

0.0013 

Brror 

31 

161.98095693 

5.22519216 

. 

Total 

35 

284.14305556 

Paraaatar 

Standard 

Typa  II 

Varlabla 

Bstlaata 

Brror 

Sua  of  Squaras 

P 

Prob>P 

INTERCBP 

40.66366603 

11.62818686 

63.8965969? 

12.23 

0.0014 

86 

-2.11881393 

0.89257328 

29.44422577 

5.64 

0.0240 

NSRS 

0.14250730 

0.06965725 

21.96974994 

4.19 

0.0493 

NSRS 

0.22412669 

0.06558641 

61.01853184 

11.68 

0.0018 

H8B13 

0.45650602 

0.10032844 

108.16004799 

20.70 

0.0001 

Sounds  on  condition  nuaber 


1. 82984 S 


28. 34821 


All  variables  loft  in  the  aodel  srs  signif leant  at  the  0.1000  lovol. 

Suaaary  of  Backward  SI la Inst Ion  Procedure  for  Dependant  Variable  HSB10 


Step 

Variable 

Bntered  teaoved 

Ntaber 

In 

Partial 

B«*2 

Nodal 

B«*2 

C(p) 

P 

Prob>P 

1 

84 

17 

0.0001 

0.6425 

17.0034 

0.0034 

0.9541 

2 

B7 

18 

0.0001 

0.6426 

18.0000 

0.0034 

0.9541 

3 

ST 

17 

0.0001 

0.6423 

17.0034 

0.0034 

0.9541 

4 

MSB  8 

16 

0.0013 

0.6413 

13.0629 

0.0630 

0.8047 

5 

B3 

IS 

0.0032 

0.6381 

13.2146 

0.1091 

0.6855 

6 

HSRll 

14 

0.0088 

0.6293 

11.6316 

0.4643 

0.4945 

7 

HSR12 

13 

0.0137 

0.6156 

10.2644 

0.7775 

0.3879 

8 

MS  S3 

12 

0.0070 

0.6085 

6.6192 

0.4028 

0.5322 

8 

MSR2 

11 

0.0122 

0.5063 

7.2010 

0.7188 

0.4053 

10 

HSR1 

10 

0.0126 

0.5837 

5.8009 

0.7498 

0.3951 

11 

BS 

8 

0.0108 

0.5729 

4.3131 

0.6468 

0.4289 

12 

B1 

8 

0.0105 

0.5624 

2.8121 

0.6387 

0.4314 

13 

B2 

8 

0.0105 

0.5729 

4.3131 

0.6387 

0.4314 

14 

82 

8 

0.0105 

0.5624 

2.8121 

0.6387 

0.4314 

IS 

MONTH 

7 

0.0218 

0.5406 

1.8333 

1.3508 

0.2553 

16 

MSB  7 

6 

0.0224 

0.3182 

0.9166 

1.3624 

0.2530 

17 

HSR4 

5 

0.0387 

0.4785 

0.7571 

2.3290 

0.1378 

18 

MSR9 

4 

0.0496 

0.4299 

1.1149 

2.8571 

0.1013 

The  SAS 

Syates) 
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Bsckvard  lllainatlon  Procedure  for  Dependent  variable  HSRll 

Step  0  All  Variables  Bntered  B-square  ■  0.66502324  C(p)  >  18.00000000 
NOTE:  The  eodel  la  not  of  full  rank.  A  subset  of  the  aodel  which  is  of  full 
rank  la  chosen. 


DP 

Sua  of  Squares 

Mean  Square 

r 

Prob>P 

Regression 

18 

71.59809488 

3.97767194 

1.88 

0.1008 

Brror 

17 

36.06412734 

2.12141926 

Total 

35 

107.66222222 

Paraaeter 

Standard 

Type  II 

Variable 

■stlaate 

Brror 

Sua  of  Squares 

P 

Prob»P 

INTBRCBP 

76.44083349 

30.88464715 

12.99547165 

613 

0.0241 

61 

•38.61004497 

21.37314768 

6.92293331 

3.26 

0.0866 

S3 

8.57563964 

5.18202497 

5.81006965 

2.74 

0.1163 

B4 

9.72305259 

5.11762297 

7.65764452 

3.61 

0.0745 

B5 

7.91783995 

8.15567549 

3.30984963 

1.65 

0.2156 

B6 

5.39771639 

4.75277654 

2.94275087 

1.39 

0.2551 

MONTH 

0.05508502 

0.24100532 

0.11082563 

0.05 

0.8219 

MSB1 

0.03378199 

0.12281251 

0.16051356 

0.08 

0.7866 

HSR2 

0.04347560 

0.13218910 

0.22947024 

0.11 

0.7463 

HSB3 

•0.00539266 

0.02598527 

0.09137140 

0.04 

0.8381 

H9B4 

0.05314666 

0.13862605 

0.31183492 

0.15 

0.7062 

HSBS 

0.35311480 

0.28455491 

3.26682736 

1.64 

0.2315 

HSR6 

•0.06236363 

0.23373751 

0.15199054 

0.07 

0.7922 

MSR7 

•0.02090987 

0.01792835 

2.96473494 

1.41 

0.2519 

MSB8 

0.05355659 

0.03950263 

3.69942269 

1.84 

0.1929 

MSR9 

•0.16839103 

0.34871022 

0.49469223 

0.23 

0.6353 

M9R10 

•0.09950338 

0.14250162 

1.03433345 

0.49 

0.4945 

MSR12 

•0.08796180 

0.17983017 

0.50756263 

0.24 

0.6310 

MSB13 

0.19172100 

0.20478102 

1.95943836 

0.86 

0.3623 

Bounds  on  condition  nuaber:  1076.665,  34810.65 


Step  1  Variable  HSB3  leaoved 


S- square  «  0.66417655  C(p)  •  17.04307086 


OP 

Sta  of  (quaraa 

Naan  Squara 

P 

Prob>P 

tasraaalon 

IT 

71.50672348 

4.20(27785 

2.09 

0.0647 

Irror 

16 

36.15849874 

2.00883(82 

Total 

33 

107.6(222222 

Paraaatar 

Standard 

Typa  u 

Var labia 

Batlaata 

Irror 

(ua  of  Squaraa 

P 

ProbiP 

XNTIRCIF 

74.00838833 

29.18082625 

13.23823971 

6.59 

0.0194 

■  1 

•36.700(4404 

20.79289445 

6.95649103 

3.46 

0.0791 

IS 

6.S03436S3 

5.03095212 

5.73839491 

2.86 

0.1082 

■4 

9.63104828 

4.9(1012(0 

7.57021(89 

3.77 

0.0680 

as 

6.148831S7 

5.89108804 

3.84327342 

1.91 

0.1835 

86 

S. 710(1149 

4.59432422 

3.10330028 

1.54 

0.2298 

MONTH 

0.0S348428 

0.23439146 

0.10458527 

0.05 

0.8221 

MS81 

0.03439774 

0.1194(853 

0.1(831548 

0.08 

0.7767 

Tha  IAI  Syataa  16:49  Thuraday 
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MSR2 

0.0S228387 

0.12181713 

0.37001607 

0.18 

0.6729 

MSR4 

0.0(866334 

0.11339604 

0.73388487 

0.37 

0.3531 

MSR5 

0.32086(87 

0.2319(085 

3.84343883 

1.91 

0.1835 

HSR6 

•0.07888339 

0.21418224 

0.27248209 

0.14 

0.7169 

MSR7 

•0.02067917 

0.01711923 

2.930(9054 

1.46 

0.2427 

MSR8 

0.0SS33147 

0.03752683 

4.3(683827 

2.17 

0.1576 

MSR0 

•0.16310229 

0.33840716 

0.46659802 

0.23 

0.(3S( 

MSR10 

•0.09414736 

0.1363(942 

0.957383(4 

0.48 

0.4988 

MSR12 

-0.07419925 

0.162652(0 

0.41800248 

0.21 

0.6337 

H8R1S 

0. 18S29904 

0.19697590 

1.77758800 

0.88 

0.3393 

Bound*  on  condition  nuabar: 

1076.213, 

32019.69 

Stop  2  _  variabl#  MONTH  laaovad  s-aquara 

•  0.86320513 

C(D) 

>  15.09237056 

DP 

lua  of  (quaraa 

Mean  Squara 

P 

Prob>P 

Rafraaalon 

16 

71.40213821 

4.462(3364 

2.34 

0.0397 

Brror 

19 

36.2(008401 

1.90842547 

Total 

35 

107.6(222222 

Paraaatar 

Standard 

Type  n 

Varlabla 

Katlaata 

Irror 

Sua  of  Squaraa 

P 

Prob>P 

INTIRCIP 

71.75287294 

25.04(89050 

15.6819(179 

8.21 

0.0099 

81 

•40.60643682 

16.16258143 

9.6333(183 

5.05 

0.0367 

83 

8.97026898 

4.4600(403 

7.65099101 

4.01 

0.3597 

84 

9.91430(55 

4.(8184205 

8.35788361 

4.48 

0.0476 

8S 

8.90740899 

4.74057921 

8.73775727 

3.53 

0.0757 

86 

6.19894480 

3.96273109 

4.67005009 

2.45 

0.1342 

Mill 

0. 04SSSS86 

0.10(19093 

0.35189069 

0.16 

0.6723 

HSI2 

0.06316118 

0.10923431 

0.13845827 

0.33 

0.5(98 

M8R4 

0.07602889 

0,10(18197 

0.97890134 

0.51 

0.4826 

M88S 

0.32576048 

0.22513200 

3.99574275 

2.99 

0.1642 

HSR6 

-0.10152004 

0.18502688 

0.57452526 

0.30 

0.8898 

MBIT 

•0.01904969 

0.01516595 

3.0110(360 

1.56 

0.2243 

Mill 

0.0(493573 

0.03(33945 

4.313(1043 

2.26 

0.1492 

MSRS 

-0.18649556 

0.31151170 

0.6997(110 

0.37 

0.5323 

MSB  10 

•0.08490408 

0.12(92399 

0.85397412 

0.45 

0.5116 

MSR12 

•0.05374111 

0.1322(2(7 

0.31497970 

0.17 

0.6891 

HSR13 

0.18185229 

0.19143389 

1.7221(993 

0.90 

0.3541 

Bound*  on  condition  nuabar: 

9(4.271, 

24318.99 

Step  3  varlabla  M8812  Baaovad  R-aquara 

•  0.89027930 

C(P> 

•  13.24094649 

OP 

Sua  of  Squaraa 

Ha  an  Squara 

P 

Prob>P 

200 


15 

71.08715051 

4.73014390 

2.59 

0.0242 

Irror 

20 

36.57506371 

1.82075319 

total 

35 

107.66222222 

Oaraaatar 

Otandard 

Type  XI 

variable 

Oatlaata 

irror 

Oua  of  Squaraa 

P 

Pr«b>f 

tha  008  Oyataa  10:40  Thursday 

,  July 

12,  1900 
15 

INTCRCIP 

07.00135000 

22.05402451 

10.40016437 

0.97 

0.0071 

•  1 

•41.30452051 

17.72206178 

0.97630672 

5.40 

0.0300 

03 

0.97027007 

4.38540730 

7.06654235 

4.19 

0.0540 

04 

10.30545014 

4.45226410 

9.01211183 

5.42 

0.0305 

0$ 

0.01025770 

4.63530656 

6.01536050 

3.62 

0.0717 

06 

6.24701044 

3.87734248 

4.74838065 

2.60 

0.1228 

HSR1 

0.05302117 

0.10203915 

0.50877740 

0.28 

0.6037 

MSR2 

0.06429301 

0.10689625 

0.66156086 

0.36 

0.5543 

MSR4 

0.00465514 

0.10132240 

1.20407036 

0.69 

0.4196 

MSR5 

0.33449109 

0.21937601 

4.25155728 

2.32 

0.1430 

HSR6 

•0.00733674 

0.17787006 

0.44090326 

0.24 

0.6286 

HSR7 

•0.01022006 

0-01471103 

2.80550493 

1.53 

0.2298 

MSR8 

0.05507072 

0.03568155 

4.40976160 

2.46 

0.1324 

KSR9 

-0.21546068 

0.29703752 

0.05640256 

0.52 

0.4779 

MSR10 

-0.08654012 

0.12418319 

0.88626954 

0.49 

0.4939 

nSR13 

0.15731732 

0.17782566 

1.43126250 

0.78 

0.3868 

Bounda  on  condition  nuaber: 

858.7014, 

22475.81 

Stop  4  Variable  NSB6  Raoovad  R-aquara 

>  0.05618420  C(p) 

•  11.44860050 

OF 

Oua  of  Squares 

naan  Square 

P 

prob>P 

Regression 

14 

70.64625525 

5.04616109 

2.86 

0.0143 

irror 

21 

37.01596697 

1.76266509 

Total  ' 

35 

107.66222222 

Paraaatar 

Standard 

Type  li 

Varlabla 

■atlaata 

Irror 

Oua  of  iquarea 

P 

Frob>F 

INTIICIP 

63.03809040 

20.73570028 

16.70661814 

9.48 

0.0057 

01 

-30.73372217 

17.07905062 

0.53937030 

0.41 

0.0301 

03 

7.00102181 

3.71523201 

7.05177758 

4.51 

0.0457 

04 

10.95066400 

4.20652900 

11.96510205 

6.79 

0.0165 

05 

7.03759106 

4.10007304 

0.41404258 

3.64 

0.0702 

06 

5.54000775 

3.53376129 

4.33227014 

2.46 

0.1319 

H3R1 

0.04066500 

0.09983315 

0.43623571 

0.25 

0.6240 

HSR2 

0.06900510 

0.10452332 

0.76825780 

0.44 

0.5163 

HSR4 

0.08578950 

0.09993907 

1.20885456 

0.74 

0.4004 

HORS 

0.35500033 

0.21107535 

5.01156067 

2.04 

0.1060 

M9R7 

•0.01646173 

0.01400700 

2.43430903 

1.38 

0.2531 

M0R8 

0.05606465 

0.03500324 

4.61904435 

2.02 

0.1204 

Hitt 

-0.10120913 

0.20441276 

0.71016844 

0.41 

0.5307 

hirio 

•0.06720595 

0.12100940 

0.90382204 

0.51 

0.40(8 

N0R13 

0.15011080 

0.17454577 

1.46405504 

0.03 

0.3723 

Bound  a  on  condition  niMbar: 

027.5015, 

10850.77 

•tap  0  Varlabla  H0R1  Raaovad  R- square 

•  0.65213230  C(p) 

0.85431440 

DF 

fua  of  Squares 

Mean  Square 

f 

Frob>F 

Rairaaalon 

13 

70.21001054 

8.40077073 

3.17 

0.0083 

trror 

22 

37.45220260 

1.70237205 

Total 

35 

107.06222222 

Tha  SAI  Oyataa  16:40  Thuraday 

July 
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(tandard 

Type  II 
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Variable 

Estlaate 

Irror 

lia  of  Squares 

P 

Prob>P 

INTIRCEP 

SS. SSSSS046 

18.12221783 

24.36234055 

14.31 

0.0010 

•1 

-33.70386433 

11.62625216 

13.82683907 

6.12 

0.0093 

IS 

6.S2S782SS 

3.11369106 

8.42253158 

4.95 

0.0387 

M 

S. 81827144 

3.46620211 

13.66172225 

8.03 

0.0097 

BS 

S.3062336S 

2.68108390 

9.42729496 

5.54 

0.0280 

B6 

4.0S4S70S2 

1.68845427 

7.88664797 

4.63 

0.0426 

HSR2 

0.04345878 

0.40166662 

0.24 

0.6320 

NSR4 

0.082S0343 

0.09731625 

1.53815341 

0.90 

0.3522 

HSRS 

0.34727534 

0.20673161 

4.80364275 

2.62 

0.1071 

HSR7 

-0.01482840 

0.01342930 

2.10393805 

1.24 

0.2783 

HSRS 

0.06287807 

0.03206039 

6.56894626 

3.86 

0.0622 

HSRS 

-0. 1SS1T26S 

0.27470352 

0.54319633 

0.32 

0.5779 

H8R10 

-0.09546297 

0.11871511 

1.10081032 

0.65 

0.4299 

HSR13 

0.15516877 

0.17133712 

1.39393310 

0.82 

0.3750 

Bounds  on 

condition  ntaber: 

410.7603, 

9286.737 

Stap  6  variable  HSR2  Reaoved  R-square 

*  0.64840154 

C(p) 

c  7.84365415 

DP 

Sua  of  Squares 

Hean  Square 

P 

Prob>  P 

Regression  12 

89.80835072 

5.81736236 

3.53 

0.0043 

Irror 

23 

37.85367150 

1.64582030 

Total 

3$ 

107.66222222 

Parameter 

Standard 

Type  II 

Variable 

Estlaate 

Brror 

Sua  of  Squares 

P 

Prob>P 

IHTERCEP 

72.33857021 

16.08942497 

33.26911811 

20.21 

0.0002 

B1 

-34.75107744 

11.43335718 

15.20447656 

9.24 

0.00S9 

B3 

7.30069566 

2.96285629 

10.00929134 

6.08 

0.0213 

84 

10.00204418 

3.38800202 

14.34407952 

8.72 

0.0071 

BS 

6.16680377 

2.82452010 

9.14596772 

5.56 

0.0273 

BS 

4.37898987 

1.74440518 

10.37140418 

6.30 

0.0195 

HSR4 

0.08384083 

0.09406916 

1.30765231 

0.78 

0.3820 

HSRS 

0.33888927 

0.20255878 

4.60676400 

2.60 

0.1079 

HSRT 

-0.01351888 

0.01315033 

2.29207946 

1.39 

0.2500 

HSRS 

0.06585372 

0.03098128 

7.43608491 

4.32 

0.0445 

HSRS 

•0.11643770 

0.25847123 

0.33399910 

0.20 

0.6566 

HSR10 

-0.08876304 

0.11653531 

1.18210585 

0.72 

0.4055 

HSR13 

0.15250891 

0.16840075 

1.34984791 

0.82 

0.3745 

Bounds  on 

condition  nissber: 

397.1322, 

8224.202 

8tep  7  variable  HSRS  Beaoved  R-square 

*  0.64520925 

C(p> 

■  6.00109549 

OP 

Sia  of  Squares 

Hean  Square 

P 

Prob>P 

Regress  1< 

Ml  11 

69.47435162 

6.31565015 

3.97 

0.0023 

Brror 

24 

38.18787060 

1.59116127 

Total 

35 

107.66222222 
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Par taster 

Standard 

Type  11 

Variable 

Estlaate 

Irror 

Sua  of  Squares 

P 

Prob>  P 

IWTERCEP 

73.94833334 

15.42488033 

36.57022203 

22.98 

0.0001 

Bt 

-32.41572561 

10.01989079 

16.63327753 

10.47 

0.0035 

B3 

6.57187953 

2.4320047S 

11.61688754 

7.30 

0.0124 

B4 

9.28920218 

2.94560068 

15.62425574 

9.95 

0.0043 

BS 

5.76531966 

2.42714926 

9.04015663 

5.68 

0.0234 

BS 

4.27067804 

1.69882073 

10.03571053 

6.32 

0.0191 

HSR4 

0.09632110 

0.08839783 

1.66918236 

1.19 

0.2867 

HSRS 

0.28481100 

0.16042251 

5.01530222 

3.15 

0.0885 

HSR7 

-0.01413049 

0.01257000 

2.01074946 

1.26 

0.2721 

,88 

0.06398707 

0.03016679 

7.14837266 

4.49 

0.0446 

nsaio 

•0.07789476 

0.10514190 

0.87333116 

0.65 

0.4680 

MR13 

0.12441332 

0.15380668 

1.04111230 

0.65 

0.4266 

found*  on  oonditlon  rnabar: 

315.4872, 

5959.37 

Stop  $  VuitbU  HSR10  Im 

ov*d  8-aquar* 

*  0.63718746 

C(p) 

•  4.41276867 

OP 

Sta  of  squara* 

Ha an  Squara 

F 

Prob>f 

t*|r«nion 

10 

68.60102044 

6.86010204 

4.39 

0.0013 

trror 

26 

39.06120178 

1.66244607 

Total 

36 

107.66222222 

Paraaatvr 

Standard 

Typa  11 

Variabl* 

■•tiaato 

Error 

Sta  of  Squaraa 

P 

Prob>P 

IHTEECEP 

70.36388224 

14.61367849 

36.72402761 

23.50 

0.0001 

B1 

-32.74098978 

9.91953649 

17.02183767 

10.89 

0.0029 

83 

6.4S712294 

2.40506847 

11.26234460 

7.21 

0.0127 

84 

9.62326635 

2.66450082 

17.39035190 

11.13 

0.0027 

as 

S.761S6365 

2.40493999 

8.96760195 

5.74 

0.0244 

86 

4.39212904 

1.67556663 

10.73574955 

6.87 

0.0147 

HSR4 

0.11139070 

0.08524601 

2.66781266 

1.71 

0.2032 

MS8S 

0.27275469 

0.15814642 

4.64750672 

2.97 

0.0969 

MSR7 

•0.01165924 

0.01207993 

1.50588223 

0.96 

0.3356 

uses 

0.06594059 

0.02980083 

7.64987626 

4.90 

0.0363 

MR  13 

0.07968994 

0.14018254 

0.50492251 

0.32 

0.5748 

Bound*  on  condition  nuabar: 

314.8816, 

6344.808 

Stop  9  Variabl*  NSR13  Raaovad  R-*quara 

•  0.63249761 

C(p> 

*  2.65078022 

DP 

8ua  of  fquar** 

H*an  Squara 

P 

Prob>  p 

Raf raaaion 

9 

68.09609793 

7.56623310 

4.97 

0.0006 

Error 

26 

39.56612429 

1.52177401 

Total 

35 

107.66222222 

Paraa«t«r 

Standard 

Typa  II 

Variabl* 

■•tiaato 

Error 

fua  of  Squara* 

r 

Prob>P 

INTEECEP 

78.15403007 

4.71830521 

417.52343525 

274.37 

0.0001 

Yh*  6*8  fy*t*a  16:49  Thuraday,  July 
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81 

•31.73326997 

9.63196387 

16.51765242 

10.85 

0.0028 

83 

6.41181950 

2.37226316 

11.11707099 

7.31 

0.0120 

84 

9.65790373 

2.84444641 

17.18224666 

11.29 

0.0024 

8S 

4.87633663 

1.80872125 

11.06099694 

7.27 

0.0121 

86 

4.57206656 

1.62363975 

12.06393296 

7.93 

0.0092 

HS84 

0.10626379 

0.06345400 

2.42110626 

1.69 

0.2184 

HSRS 

0.25643914 

0.15348471 

4.24803970 

2.79 

0.1088 

MR7 

•0.00969148 

0.01125284 

1.10SS9964 

0.73 

0.4018 

USES 

0.02909658 

6.41185845 

5.63 

0.0266 

Bound*  on  oonditlon  ntabar: 

304.8265, 

4433.946 

StaplO  Variabl*  HIR7  Raaovad  R-*quar* 

■  0.62222646 

C(p) 

«  1.17194059 

DP 

Sta  of  fquar** 

naan  Squara 

P 

Prob>P 

R*tr*s*ton 

8 

66.99049829 

8.37381229 

5.56 

0.0003 

Error 

27 

40.67172393 

1.50636015 

Total 

35 

107.66222222 

Par*a*t*r 

ftandard 

Typa  II 

Variabl* 

latlaat* 

Error 

Sua  of  Squaraa 

P 

Prob>f 

Variabl* 
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r  Prob>f 


1NTI8CIP 

77.40017080 

4.61113943 

424.42029728 

281.75 

0.0001 

61 

.32.86197366 

9.49389689 

16.03769813 

11.97 

0.0019 

B3 

8.29740270 

2.38642781 

10.76629723 

7.14 

0.0126 

B4 

9.  $8798084 

2.82978646 

17.29321784 

11.48 

0.0022 

BS 

8. 81903223 

1.63571171 

17.14909292 

11.38 

0.0023 

B6 

4.90818900 

1.86723201 

14.77422762 

9.81 

0.0041 

NSB4 

0.12841683 

0.07680904 

4.03024328 

2.68 

0.1136 

H8R5 

0.23183828 

0.14993688 

3.89626383 

2.39 

0.1340 

HSUS 

0.06682842 

0.02988997 

6.06040408 

8.36 

0.0286 

Bounds  on  condition  mabar 

299.1687, 

3821.113 

Stapll  variable  HSB5  Bom 

ivad  R> square  a 

0.88683463 

C(p)  •  0.66669520 

OP 

Sue  of  Squares 

Mean  Square 

P 

Prob>P 

Bagrassion 

7 

63.39623448 

9.05646207 

8.73 

0.0003 

Irror 

28 

44.26698777 

1.58096386 

Total 

3$ 

107.66222222 

Paraaatar 

Standard 

Type  11 

Variabla 

1st lasts 

Irror  Sun  of  Squares 

P 

Prob>P 

INT8RCEP 

82.46670911 

3.32147443 

974.55624591 

616.43 

0.0001 

61 

.20.62941S4S 

6.37602041 

23.27951706 

14.72 

0.0006 

63 

3.10469806 

1.15990332 

11.32705712 

7.16 

0.0123 

64 

$.72266340 

1.35437704 

28.22533966 

17.86 

0.0002 

BS 

4.28099802 

1.46084463 

13.57700373 

8.59 

0.0087 

B6 

3.12148167 

1.08366232 

13.12029942 

8.30 

0.0075 

HSR4 

0.17128429 

0.0752386$ 

8. 19360575 

$.18 

0.0307 

HSRS 

0.06498367 

0.02967144 

7.63466628 

4.83 

0.0364 

Tfie  SAS  tyitN 
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Bounds  on  condition  nueber: 


91.40499, 


1036.919 


All  variables  left  in  the  nodal  are  significant  at  tha  0.1000  laval. 

Sueeary  of  Backward  tllalnatlon  Procedure  for  Dapandant  Variable  nSRU 


Step 

Variabla 

Reeoved 

Nuiber 

In 

Partial 

RSS2 

Hodal 

R**2 

C(p) 

f 

Prob>P 

1 

HSRS 

17 

0.0008 

0.6642 

17.0431 

0.0431 

0.8381 

2 

HONTH 

16 

0.0010 

0.6632 

16.0924 

0.0621 

0.8221 

3 

HSR12 

IS 

0.0029 

0.6603 

13.2406 

0.1650 

0.6891 

4 

HSR6 

14 

0.0041 

0.6562 

11.4487 

0.2411 

0.6288 

8 

HSR1 

13 

0.0011 

0.6621 

9.6643 

0.2475 

0.6240 

6 

HSR2 

12 

0.0037 

0.6484 

7.8437 

0.2366 

0.6320 

7 

H6R9 

11 

0.0031 

0.6463 

6.0011 

0.2029 

0.6566 

8 

HSR10 

10 

0.008' 

C.6372 

4.4128 

0.5489 

0.4660 

9 

HSR13 

9 

0.0047 

0.8325 

2.6608 

0.3232 

0.8748 

10 

H8R7 

8 

0.0103 

0.6222 

1.1719 

0.7265 

0.4018 

11 

HSRS 

7 

0.0334 

0.6888 

0.8867 

2.3867 

0.1340 
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